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COMMENTS ON ACCEPTANCE OF THE PROCTOR MEDAL 


Hans GOLDMANN, M.D. 
Bern, Switzerland 


It is an extraordinary honor for me that 
you found me worthy of the Proctor Medal. 
I feel singularly privileged to be the first 
continental European who has been thus rec- 
ognized. When I examine myself—and such 
a high honor is due cause for self-examina- 
tion—then I must confess that my contribu- 
tion to ophthalmology is quite modest. I have 
worked in a very restricted segment of our 


science. I improved some instruments and 


helped to clarify some 
concepts and to ex- 
tend their use to the 
clinic, concepts which 
were developed by 
Leber and Seidel in 
thorough animal ex- 
periments. I did no 
more than that, for 
which Herodotus has 
coined the classical 
definition of the task 
of every scholar: &A- 
take and 
transmit the torch.” 

_ Therefore, it seems 
| appropriate toinclude 
in the honor which I receive today all the 
men who formed me, and all those who made 
my work possible: my teachers, my co-work- 
ers, and the country which has become my 
home. With Prof. Tschermak I learned 
physiology, especially physiologic optics. 
There are some of among you who were 
acquainted with him. He was a really re- 
markable man, a spirited personality, full of 
new ideas, but often far, very far, from the 
realities against which the practitioner and 
the teacher have almost daily to struggle. 


Presented at the 28th annual meeting of the 
Association for Research in Ophthalmology, Inc., 
Atlantic City, New Jersey, June 10, 1959. 
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Then I was fortunate to have as my second 
teacher the founder of the Swiss Ophthal- 
mological Society, Prof. Siegrist of Bern, 
a man with real dedication to clinical work 
and enthusiasm for the teaching of young 
medical students. He was a critical but hu- 
man and simple person, who hated noth- 
ing more than pseudoscience and_profes- 
sional arrogance. Again, it was he who in- 
troduced some of you to ophthalmology. It 
was a rare opportu- 
nity to work under 
these two men for. 
some years. But it 
would be unjust not 
to mention two other 
men who also were 
my teachers. Elschnig 
introduced me to oph- 
thalmology and filled 
me with enthusiasm 
for this specialty. He 
was an_ unequaled 
artist of intraocular 
operations. On_ the 
other hand I servedan 
apprenticeship with 
Prof. Blaskowicz, the 
great and extremely modest master of extra- 
ocular surgery. Today I remeinber these four 
men with a feeling of profound gratitude. 

But to be able to work quietly in a time of 
one of the greatest upheavals which Europe 
has seen in its long and agitated history was 
only possible for me because I had found a_ 
new home in Bern, in Switzerland. Here I 
found just the conditions I needed and the 
finest precision workers, who, as you know, 
helped me so much and so often with all 
their skill. 

I accept this Proctor Medal i in deep grati- 
tude, not for me, but as an honor for all the 


people who gave me the serene for 


useful work. 
University of Bern. 


= 
| 


BIOGRAPHICAL NOTE: PROFESSOR HANS GOLDMANN : 


The external circumstances of Proféssor 
Goldmann’s life are quickly told. Born in 
Komotau (in what was then the Austro- 
Hungarian Empire, now Czechoslovakia) on 
November 21, 1899, he had his primary and 
secondary education in the town of his birth. 
From there he went to Prague to study med- 
icine at the Germany University and ob- 
tained his degree of doctor of medicine in 
1923. From 1919 through 1924, he was as- 


sistant to Prof. Tschermak in the Physio- 


logic Institute, after which he became assist- 
ant in the University Eye Clinic in Berne, 
Switzerland, which was under the direction 
of Prof. August Siegrist. In 1927 he was 
made Oberarzt at the clinic and in 1930 be- 
came Privatdozent. Upon the retirement of 
Prof. Siegrist, in 1935, Goldmann became 
his successor as professor of ophthalmology 
and director of the University Eye Clinic. 
He has remained in this position ever since. 
His sojourn in Berne was interrupted in 
1929 when he spent some time at the clinic 
of Prof. Blaskovics in Budapest and at the 
clinics in Vienna and Freiburg, Germany. In 
1951 he was invited to make a lecture tour 
in Sweden; in 1953 he lectured in South 
America and in 1956 in Israel. That same 
year he was also invited to participate in the 
Second Glaucoma Symposium, held at 
Princeton, New Jersey, sponsored by the 
Josiah Macy, Jr. Foundation, and to deliver 
lectures in various cities of the United 
States. 

A number of distinctions have come his 
way. He has been honored by membership 
in the Belgian, Greek, Portuguese, Brazilian 
and Peruvian Ophthalmological Societies 
and is an honorary member of the Ophthal- 
mological Society of Sao Paulo and of the 
Swedish Medical Association. In 1946 he 
was awarded the Vogt Medal of the Swiss 
Ophthalmological Society; in 1950 he was 
the Doyne lecturer at the Oxford Congress, 


and now he has been awarded the Proctor | 


Medal. 
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The true story of Goldmann’s life is re- 
flected not in its external circumstances or 
in the honors which have come to him but in 
his work and his accomplishments. 

From the beginning of his career his keen 
mind was oriented toward scientific study. 
The first decade or so of his activity was 
largely devoted to investigations of the phys- 
iology and pathology of the crystalline lens. 
Among these investigations his, studies on 
the etiology of the glassblowers’ cataract 
attracted particular attention. Vogt had been 
of the opinion that this form of cataract re- 


sulted from a direct, specific effect of in- 


frared radiation prevalently absorbed in the 
lens. Goldmann maintained that it was 
caused by an overheating of the lens owing 
to heating of the aqueous and more particu- 
larly of the iris. This difference of opinion 
provoked one of the few controversies of 
truly homeric proportions in modern oph- 
thalmology. Invectives flew back and forth, 
and though Goldmann’s views prevailed in 
the end, his friends were seriously worried 
about his academic future in Switzerland. 
Unnecessarily so: the good sense and inde- 
pendence of the Bernese authorities brooked © 
no interference. Goldmann put the Jast link 
into the chain of evidence in a paper pub- 
lished in 1950 with Koenig and Maeder, in 
which it was shown that accurate determina- 
tions of the absorption curve of the excised 


‘lens of rabbit, calf and man revealed no spe- 


cific absorption in the infrared. Indeed, these 
lenses absorbed less of this radiation than 
did corresponding thicknesses of water. 

It may appear that an inordinate amount 
of ingenuity and time had been spent,in the 
clinics in Berne and Zitrich on the question 
of the genesis of the glassblowers’ cataract, 
but these studies were, in fact, only a frac- 
tion of Goldmann’s work on the lens. Stimu- 
lated by the interest of Siegrist in senile and 
experimental cataracts and by the availa- 
bility of a new tool—the slitlamp—he con- 
tributed studies which greatly enlarged our 
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knowledge and understanding of the biology 
of the crystalline lens. 

He demonstrated a new form of reversi- 
ble osmotic cataract due to increased concen- 
tration of the aqueous, occurring in young 
‘rats in the pupillary area, following pro-, 
longed exposure of the eye to air. Studies 
on naphthalene cataracts, on X-radiation 
cataracts and on cataracts in parathyroidec- 
tomized animals gave many significant re- 
sults. Goldmann found, for example, that 
subcapsular opacities in parathyroidectomized 
dogs and rats occurred only when there 
were also tetanic muscular symptoms and 
that the suppression of these symptoms pre- 
vented the formation of lenticular opacities. 
Some conclusions of general significance 
stand out. Lenticular opacities do not neces- 
sarily occur at the site of immediate action 
of the noxious agent. So-called ‘“‘compli- 
cated” cataracts do not necessarily begin in 
the form of subcapsular opacifications. And, 
most important, the formation of. the so- 
called zones of discontinuity in the lenses, 
that is, of optical surfaces separating two 
media of different indices of refraction, is 
due to temporary arrest in the appositional 
growth of the lens. The surface of the adult 
nucleus of the human lens increases in thick- 
ness with age and consists of three distinct 
layers of reflex zones, adolescent, adult and 
senile. The zones of discontinuity are thus a 
means of determining the temporal sequence 
of events in normal and abnormal lenses. 

Although all of Goldmann’s work is es- 
sentially biophysical rather than biochemical 
in nature, during the period of his pre- 
occupation with the crystalline lens he also 
did significant work on ascorbic acid in its 
relation to lenticular metabolism and_ the 
blood aqueous barrier. He was assisted in 
this work by the late Wilhelm Buschke. 

As a natural consequence of his studies of 
the lens which can be so beautifully investi- 
gated in the living organism, Goldmann be- 
came interested in improving the slitlamp. 
In co-operation with the firm of Haag-Streit 
he developed a model which was vastly su- 
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perior to anything available at that time and 
which remained by far the best slitlamp un- 
til after the Second World War, when other 
models began to appear on the market, most 
of which incorporated in one form or an- 
other many of the basic features of the orig- 
inal Goldmann-Haag-Streit slitlamp. An in- 
genious photographic device, designed to 
photograph the anterior segment together 
with the slitbeam, and allowing, for instance, 
the measurement of the depth of the anterior 
chamber, has unfortunately never become 
commmercially available. 

His slitlamp is not the only piece of in- 
strumentation for which our profession is 
indebted to Goldmann. He has always been 
keenly interested in the development of new 
instruments and the improvement of old 
ones. As he himself stated in a remark at 
the Second Macy Conference on Glaucoma, 
his love for instruments stemmed from the 
days when he had to put together, in Tscher- 
mak’s institute, an apparatus for color match- 
ing built 30 years previously by Hering, and 
of which only pieces were in existence. : 

Among the instruments which Goldmann 
has given us is the mirror contact lens which 
in conjunction with the prism reducing the © 
angle between microscope and illuminating < 
system allowed one for the first time to per- . 
form}! successful slitlamp gonioscopy. All - 
further developments in this field stem from 
Goldmann’s original lens. It has meant a - 
great refinement in observation technique 
and even those who to this day do not recog- 
nize the value of the narrow slit technique 


_and still maintain the superiority of the 


Koeppe type lens have greatly, benefited by 
the advances which slitlamp gonioscopy has 
brought to: us. 

Goldmann did not stop at the chamber 
angle. He, as well as others, pushed bio- 
microscopy into the difficult area of the vit- 


‘reous and to the eyeground. This work cul- 


minated in the magnificent volume which 
Goldmann, together with the late Dr. S. 
Schiff-Wertheimer, and that other master of 


biomicroscopy, A. Busacca, presented in 


i 
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1957 as a report to the French Ophthalmo- 
logical Society. This volume is one of the 
great achievements of the last two decades 
of ophthalmology. It is urgent that it should 
be made available in translation to all those 
who do not read French. ! 


Neither did Goldmann stop at methods | 


for the objective examination of the eye. 
His apparatus for the clinical examination 
of dark adaptation is rapidly becoming 
standard in many clinics; his apparatus for 
the objective determination of visual acuity, 
utilizing the phenomenon of optokinetic nys- 
tagmus, is still too little known. But the 
instrument which has brought probably the 
greatest theoretical and practical advances 
in the field of subjective examination of pa- 
tients is his perimeter. It has given a sound, 
new basis for quantitative perimetry. 

The latest contribution of Goldmann’s to 
the methods of clinical examination is his 
applanation tonometer. This beautifully .con- 
structed instrument excludes, or reduces to 
a minimal degree, the error introduced into 
tonometry by the factor of the rigidity of 
the ocular coats. It thus permits one to come 
as close to a measurement of the true intra- 
ocular pressure as it is possible to attain in 
humans. The theory of the applanation to- 
nometer has been developed by Goldmann in 
collaboration with Th. Schmidt, with whom 
he has also worked out a more exact deter- 


mination of the rigidity factor. We have not — 


even begun to reap the clinical fruits which 
are afforded us by the new devise. | 

The applanation tonometer is the capping 
stone of one line of Goldmann’s work on the 
glaucoma problem which has occupied him 
during the last two decades, beginning in 
1938 with his papers, conjointly with Ban- 
gerter, on gonioscopy in glaucoma. 

The discovery of the aqueous veins by 
Ascher, and the evidence that these veins 
contained indeed aqueous humor, made the 
conclusion inevitable that aqueous is contin- 
ually circulating from the eye through Sch- 
lemm’s canal. This, together with the fact 
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that fluid flows from the eye in a laminar not 
a turbulent way, allowed Goldmann to de- 
velop the mathematical theory of the main- 
tenance of intraocular pressure, with the re- 
sulting establishment of the fundamental law 
of the intraocular pressure. This law states, 
according to Goldmann, that the outflow 
pressure of the aqueous is equal to its rate of 
flow per minute divided by the resistance to 
the outflow. Thus if it were possible to de- 
termine in every case the outflow pressure, 


that is, the gradient between intraocular 


pressure and pressure in the aqueous veins, 
and the rate of flow per minute, it should be 
possible to determine in each case the mech- 
anism of increase in intraocular pressure. 

‘Goldmann has greatly contributed to mak- 
ing this possibility a reality by developing 
methods for the determination of the epi- 
scleral venous pressure, the fluorometric 
measurement of the rate of flow of the aque- 
ous and the measurement of the volume of the 
anterior chamber. His conclusion that the seat 
of the increased resistance in open-angle glau- 
coma is in the region between the anterior 
chamber and Schiemm’s canal, though it has 
not gone unchallenged, has considerable 
practical importance and has been supported 
by much further research. 

In his most recent work in the field of 
glaucoma Goldmann has turned to other as- 
pects of the problem. He has shown with 
Gafner that increase in intraocular pressure 
causes a decrease in sensitivity in the arcuate 
area of the visual field, that is, the area 
where, in glaucomatous eyes, a Bjerrum 
scotoma is formed. Since he could also show 
that glaucomatous cupping does not simply 
occur from the increased pressure itself, he 
has proposed the hypothesis that the damage 
to the optic nerve in glaucoma arises from 
the fact that the vessels of the disc are par- 
ticularly sensitive to an increase in intraocu- 
lar pressure, because they are shunted by ex- 
traocular vessels. | 

Even the briefest survey of Goldmann’s 
contributions to ophthalmology must not 
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overlook his work on various aspects of the 
physiology of vision. In his youth, he 
worked in Tschermak’s laboratory on prob- 
lems of color vision, and the physiology of 
vision has remained his first love. He 
studied with Schubert the effect of oxygen 
deprivation on the visual field, gave a most 
elegant proof of the retinal origin of the 
Stiles-Crawford effect and measured with 
R. Hagen the total refractive power of the 
living human eye by means of Rushton’s 
method of X-ray visualization. His investi- 
gations dealing with the artificial production 
of gun barrel fields in normals, on the spa- 


tial summation in the light adapted retina, 


and his elucidation of the angioscotoma, all 
are major contributions not only to physi- 
ology but also to exact perimetry. Last, but 


not least, mention must be made of his 


studies on accommodation which demon- 
strated that the law of equal innervation ap- 
plies to the intrinsic as well as the extrinsic 
ocular muscles. | 
This long list of achievements does not 
exhaust Goldmann’s activities. A glance at 


his publications will show that he has not 


neglected the purely clinical aspects of oph- 
thalmology to which he has _ frequently 
‘brought new and original thoughts. Thus he 
was one of the first to connect retrolental 
fibroplasia. with excessive oxygen adminis- 
tration to premature babies. The most sig- 
nificant advance in the clinical field is likely 
to come from Goldmann’s suggestion, elabo- 
rated by Witmer, that there is local antibody 
formation in the eye and that this local anti- 
body formation may be used for the diagno- 
sis of the etiology of uveitis. Very promis- 
ing results have been obtained on the Euro- 
pean content with this method of investiga- 
tion and it is to be hoped that it may help 
us in this field, which is one of the most 
frustrating ones to every ophthalmologist. | 
- The scope and value of Goldmann’s con- 
tributions to scientific ophthalmology is truly 
remarkable. There are in medicine, as well 
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as in all the sciences, men who haye brilliant 
ideas. Then there are those men who bring 
new methods, and thus push backward the 
frontiers of knowledge. And lastly, there are 
those men who have brilliant ideas and the 
imagination and skill to devise new methods 
and put the ideas to the test. These are the 
great men of science and medicine. Gold- 
mann is one of them. 

There is little room in a life such as Gold- 
mann’s for hobbies. What hobbies he has 
are on an intellectual plane. He is an accom- 
plished and even creative mathematician. 
He is a naturalist in the old sense of the 
word. Stars, animals, plants, all interest and 
fascinate him, and his knowledge about them 
is encyclopedic. In the delightful grounds of 
his vacation retreat, overlooking the Lago 
Maggiore in all its splendor, he grows a 
most unusual group of conifers. which he 
has lovingly collected from all over the 
globe. But his curiosity extends to man, his 
past and his present, and to human activity 
in all its manifestations. This curiosity is, no 
doubt, the source of his vast erudition and 
of his sensitive appreciation of the visual art 
forms. 

Goldmann is not gregarious. He is not a_ 
joiner, nor a “politician.” He values his 
time too greatly. He is extremely exacting of 
his collaborators and even more so of him- 
self. He can be very outspoken in a discus- 
sion. He readily spots nonsense and muddy 
thinking. But his friends know the essential 


‘warmth of his nature. The dreadfulness of 


some of the diseases we have to deal with 
affects him deeply. All his scientific work is 
in the last analysis directed to the one goal 
of helping to eradicate them. And so he is 
not only a scientist of the first order in our 
specialty but an outstanding surgeon and 
above all a great physician. Goldmann the 
physician motivates Goldmann the scientist. 
It is necessarily to both that the Proctor 
Medal is being awarded. 
Hermann M. Burian. 
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PUBLICATIONS OF Pror. Hans GoLDMANN* 


1. Bewegungshyperthermie und Wiener klin. Wschr. Nr. 47. 
1918 (with Ed. Hoke.) - 

2. Messende Untersuchungen tber den 
Pfliiger’s Arch. f. d. ges. Physiol., 194:490, 1922. | 
3. Ueber Dauerwirkungen farbiger Lichter auf das Auge. Pfliiger’ s Arch. f. d. ges ye 
210:70, 1925. | 

4. Ueber eine unbekannte, reversible Kataraktform bei jungen Ratten, Klin. Monatsbl. f 
Augenh., 81:771, 1928 (with B. Rabinowitz). 

5. Experimentelle Tetaniekatarakt. Arch. f. Ophth., 122: 146, 1929. 

6. Eine toxische Katarakt, welche in tiefen Linsenschichten beginnt. Klin. Wschr. 7:2392, 
1928. 

7. Ueber Entstehung von Diskontinuitatsflachen in der Linse. Arch. f. Ophth., 122:198, 
1929. 

8. Experimentelle und Kernsklerose. Klin. Monatsbl. f. 
83:433, 1929. 

9. Eine neue gewerbliche Retrobulbarneuritis. Klin. Monatsbl. f. Augenh., 84:761, 1930. 

10. Kritische und experimentelle Untersuchungen iiber den sogenannten Ultraotstar der 
Kaninchen und den Feuerstar. Arch. f. Ophth., 125:313, 1930. 

11. Zum sogenannten Ultrarotstar. Arch. f. Ophth., 125:652, 1930 (with D. Rolett). 

12. Erwiderung auf Schlapfers Polemik gegen meine Arbeit “Kritische und experimentelle 
Untersuchungen tiber den sog. Ultrarotstar usw.”’ Arch. f. Ophth., 126:652, 1931. 

13. Ein Fall von es Hornhauthamatomen. Klin. Monatsbl. f. Augenh., 89: 
216, 1932. 3 

14. Ueber die Entstehung des Feuerstars. Ber. d. Deutsch. Ophth. Ges:, 49: 160, 1932. 

15. Ein neues Messokular fiir die Spaltlampe. Ber. d. Deutsch. Ophth. Ges., 49:435, 1932. 

16. Experimentelle Untersuchungen tiber die Genese des Feuerstars. Arch. f. Ophth., 128: 
413, 648 1932 ; ibid, 130:93, 131, 140, 1933. | 

17. Zu einer Bemerkung Vogts i in Sachen des Feuerstars. Klin. Monatsbl. f. Augenh., 90: 
222, 1933. 

18. Bemerkungen zu zwei Vortragen Vogts betreffend den Feuerstar. Schweiz. Med. 
Wsch., 63:570, 1933. 

19. Zu den Bemerkungen Dr. Schapfers tiber Goldmanns Antwort auf die 2 Vortrage 
von Vogt betreffend den Feuerstar. Schweiz. Med. Wschr., 63:1258, 1933 (with A. Sieg- 
rist ). 

20. Einige Bemerkungen zu Vogts “‘neuartiger’” Kataraktform bei Albinos und zu Vogts 
Fundamentalversuch in der Biologie des Ultrarot. Klin. Monatsbl. f. Augenh., 91:240, 1933. | 
21. Das Gesichtsfeld in grossen Héhen. Acta Aerophysiologica, 1:78, 1933 (with G. . 

Schubert ). 

22. Eine neue Spaltlampe. Klin. Monatsbl. f. Augenh., 91:494, 1933. 

23. Untersuchungen tiber das Gesichtsfeld bei herabgesetztem Sauerstoffdruck der At- 
mungsluft. Arch. f. Augenh., 107:216, 1933 (with G. Schubert). 

24. Ein leuchtender Fixierpunkt ftir das Javalsche Ophthalmometer. Klin. Monatsbl. .. 
Augenh., 93:524, 1934. 

25. Ein neuer pdiektivrevolver fur die Sadish Klin. Monatsbl. f. Augenh., 93:522, 
1934. 


* Only papers. published under his name are listed here. The numerous papers by his pupils and. col- 
laborators have not been included. 
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26. Bemerkungen zu dem Aufsatz B. Semadenis: “Ueber fraktionierte Irisbestrahlung 
am Kaninchenauge, usw. Klin. Monatsbl. f. Augenh., 93:671, 1924. 

27. La génése de la cataracte des verriers. Ann. ocul., 153:13, 1935. 

28. Ascorbinsaure (C-Vitamin) und Blutkammerwasserschranke, Wschr., 14:239, 
1935 (with Buschke). 

29. Ueber den Uebergang von Vitamin C in den Liquor und das Augenkammerwasser. 
Klin. Wschr., 14:1326, 1935 (with W. Buschke). 

30. Blutkammerwasserschranke und Vitamin C. Arch. f. Augenh., 109: 205, 314, 1935 
(with W. Buschke). 

31. Berichtigung und Nachtrag zu der Arbeit Bhitkammerwasserschranke und Vitamin 
C. Arch. f. Augenh., 109:689, 1936 (with W. Buschke). 

32. Zum Problem det Nyktalopie. Schweiz. Med. Wschr., 66:1127, 1936. 

33. Ein einfaches Instrumentchen zur exakten Netzhautlokalisation. Klin. Monatsbl. f. 
Augenh., 97:251, 1936. 

34. Die Beziehung zwischen den Schmelzveranderungen der Nagezahne und der Kat- 
arakt bei parathyreopriven Ratten. Klin. Wschr., 16:205, 1937 (with W. Herzog). 

35. Das Sehen der Tiere. Schweiz. Ztschr. f. Optik u. Mechanik., Nr. 1-4, 1937. 

26. Studien iiber den Alterskernstreifen der Linse. Arch. f. Augenh., 110:405, 1937. 

37. Zur exakten Lokalisation wandstandiger intraokulirer Fremdkorper. Schweiz. Med. 

Wschr., 68:497, 1938. 
38. Kampf gegen Erblindung. Schweiz. Ztschr. f. Optik. u. Mechanik., Nr. 7-8, 1938. 

39. Demonstrationen in Vereinigung Kantonal-Bernischer Augenarzte. Ophthalmologica, 
96 :65, 1938. 

40. Experimentelle Untersuchungen tber die Genese des Rontgenstars. Adi f. Ophth., 
138:722, 1938 (with A. Liechti.) 

41. Zur Technik der Spaltlampenmikroskopie. Ophthalmologica, 96:90, 1938. 

42. Aa improved slitlamp apparatus. Brit. J. Physiol. Optics, 13:77, 1939. 

Demonstrationen in bernischer Augenarzte. Ophthalmologica, 97 : 329, 
1939. 
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SOME BASIC PROBLEMS OF SIMPLE GLAUCOMA 


THE Procror Mepat LECTURE 


Hans GoLpMANN, M.D. 
Bern, Switzerland 


The great diseases present many fascinat- 
ing problems. Simple glaucoma is, in my 
opinion, one of these diseases. It is frequent 
in old people and because the number of old 
people in the population is increasing rela- 
_ tively and absolutely, it is a disease of in- 
creasing importance. 

_ We are accustomed to treat diseases as 
pathophysiologic problems, that is, basically, 
as scientific problems. Because science does 
not exist free of supposition, we frequently 
make working hypotheses, examine them in 
the light of experiment and observation and 
see within what limits they obtain. But when 
I now, from these generalizations go on to 
our concrete disease, simple glaucoma, you 
soon will understand that we have not the 
right to employ only measures of science. 

Two opinions oppose each other concern- 
ing simple glaucoma. One point of view is 
that simple glaucoma is a disease in which 
an increased intraocular pressure damages 
the optic nerve, slowly bringing about blind- 
ness. The other opinion holds that simple 
glaucoma isa disease of the whole person, 
especially the central nervous system; a dis- 


ease which produces neurovascular disturb-: 


ances in the optic nerve, slowly bringing 
about blindness. Added to the neurovascular 


disturbances in the optic nerve are more or 


less grave disturbances of the regulation of 
intraocular pressure which manifest them- 


selves primarily in strong fluctuations of the 


intraocular pressure. However, even without 
any increase of the intraocular pressure, 
the disease eventually results in blindness. 
It may be that an increase of the intraocular 
pressure is unfavorable for the course of 
the disease. 
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One sees that these two opinions are very 
different from each other. Such divergent 
opinions are often encountered in scientific 
problems which are not definitely solved. 


_ Fifty years ago, for instance, there was a 


great controversy as to whether an elemen- 
tary electric charge existed or not. Is the 
controversy concerning simple glaucoma and 
that concerning the elementary charge of 
the same kind? I think the answer is no. 

In the case of the controversy regarding 
the existence of the electron, the scientific 
workers were only obliged to pursue their 
search. It was not urgent. It did not matter 
if the problem was solved today, or in 10 
years, or in 20 years. When it was solved, 
new questions arose which led to new 
knowledge. 

In our problem of disease, there is super- 
imposed something specifically medical that 
distinguishes it from a simple scientific prob- 
lem and makes controversies especially bit- 
ter. The disease is there and we have to do 
something about it. We have to do what is 
the best under the circumstances of our 
restricted knowledge. You see I purposely 
have not yet professed to follow one or 
the other opinion. I have not yet. applied 
scientific methods. 

In spite of this, the question of the proper 
handling of the case is posed. One of the 
opinions concerning simple glaucoma de- 
mands that we normalize the tension during 


24 hours of the day. The ‘other does not de- 


mand this. The second opinion lightens the 
burden of the doctor so far as regulation 
of the tension is concerned ; he need only in- 
fluence the intraocular pressure a little bit 
by drugs, and later on maybe operate. When 
the state becomes worse, the doctor is never 
responsible; it is the nature of the disease 
and its known course. 
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How must the conscientious doctor man- 
age this disease even if both opinions of 
which I speak are equally plausible, but the 
decision between the two has not yet been 
reached? I think that it is absolutely clear 
how he must behave. He must act as if the 
first opinion were correct, that is, in simple 
glaucoma he must keep the tension normal 
around the clock. Only in this way is it 
guaranteed that the doctor adheres to the 
chief basic law of the medical art—primum 
non nocere—firstly, do no damage. 

I would not have insisted on bringing up 
this question had I not seen many people 
who became blind because of a prolonged 
half-hearted treatment fostered by this sec- 
ond opinion, It is, as you see, a moral ques- 
tion, the question of how we medical men 
have to act in order to keep our conscience 
pure, which must be answered before we 
venture on the problems of pathophysiology 
of simple glaucoma. 

We have considered the ethical problem 
and given an unequivocal answer. Now a 
philosphical problem imposes itself. When 
the nervous system is implicated in the ex- 
planation of a pathologic entity it is very 
easy, by means of general reflections and 
introduction of analogies, to give apparently 
satisfactory explanations. Therefore I wish 
to insist: neurovascular mechanisms can so 
glibly explain every phenomenon that they 
should be only used for explanation if either 
a detailed nervous mechanism has _ been 
found for a special phenomenon, or if no 
possibility for explanation remains other 
than the supposition of such nervous mech- 
anism. 

Expressing this in another way, I say 
that the man who advocates the neurovascu- 
lar causation of simple glaucoma has the 
obligation to prove this allegation. The deus 
ex machina of the vegetative nervous system 
should only be allowed to appear when every 
other explanation has proved futile, and not 
a priori. 

Now we are at the point where we can 
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begin to speak of basic problems of the pa- 
thophysiology of simple glaucoma. 

We know with certainty that the aqueous 
has bulk outflow from the anterior chamber 
through Schlemm’s canal and the aqueous 
veins. There is a simple expression which 
describes the interrelationship between this 
flow and intraocular pressure’: AP = R.F. 
In this formula AP jis the pressure head 
between a determined level and the intra- 
ocular pressure. F is the rate of flow of the 
aqueous, and R is a proportionality factor, 
the resistance. If, at a certain time and in a 
particular eye, F is known, then R depends 
on the zero point chosen for the outflow sys- 
tem: If AP is taken equal to P, minus P,, 
where P, is the episcleral venous pressure, 
then R represents the resistance between the. 
anterior chamber and the point in the epi- 
scleral venous system with the pressure P,. 

If there are the same rate of flow of 
aqueous and the same episcleral venous 


-pressure but a higher intraocular pressure, 


then an increased outflow resistance is im- 
plied. From the formula it also follows that 
intraocular pressure depends upon episcleral 
venous pressure. This relationship has been 
repeatedly demonstrated.? It does not follow 
from the formula that in a given eye F is 
necessarily a constant, which cannot change 
when, for instance, the resistance changes. 
Nor does it follow from the formula that an 
increase of intraocular pressure—say by 
compression of the globe—does not change 
the rate of flow. Nor does it follow that the 
several factors are constant during the 
period of measurement. Moreover, if we 
determine by experiment F (the rate of 
flow and calculate the resistance then AP 
(the difference between intraocular pressure 
and the selected zero point of the outflow 
system) determines the value of this re- 
sistance. That is, if a method is used which. 
directly determines resistance, then the as- 
sociated zero point of the system must be 
found before the rate of flow can be calcu- 
lated from our formula.*® 
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I have explained to you in brief all of 
the principal difficulties implied ih the de- 
termination of the parameters of the basic 
formula for the outflow. Two methods for 
the study of the pressure-flow-resistance 
system of the eye have been utilized. In one* 
you determine the rate of flow and the pres- 
sure head in the undisturbed eye and calcu- 
late the resistance; in the other® you de- 


termine the resistance by compression of the 


eye, measure the pressure head and calculate 
the flow. The first method takes a long time 
—more than an hour—for the determination 
of the rate of flow. It presupposes, as you 
see, a constancy of all of the values during 
this time. The second method, tonography, 
presupposes that the compression of the eye 
changes neither the rate of flow,. nor the 
resistance, nor the zero point of the pres- 
sure head, nor the value of the equilibrium 
pressure, P,. It is short and therefore more 
interesting for clinical use than the first 


method. However, if we are to use tonogra- 


phy, we must attempt to diminish or remove 
as many of the sources of error as possible. 

Tonography, according to the procedure 
of Grant,’ utilizes the Schigtz tonometer, 
the P, and V. values of Friedenwald and 
Friedenwald’s law of scleral rigidity. Frie- 
denwald has the immortal merit of having 
clarified the theoretical basis of tonometry,” 
and largely through his effort we have to- 
day standardized Schigtz tonometers and a 
nomogram which yields P, values which are 
in reasonable agreement with what we be- 
lieve to be fact. However, I think you have 
all been disturbed in recent times because 
different authors’ have presented. reports 
which demonstrate that this law of scleral 
rigidity and even the P, and V values may 
not be exact. © | 

While these findings do not lessen the 
usefulness of the Schigtz tonometer for 
measurement of intraocular pressure, they 
raise questions regarding the exact inter- 
pretation of tonography which depends upon 
these very values. For instance, we devel- 
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oped a method to examine whether, during — 
the tonographic increase ‘of pressure, secre- 
tion remained constant.’ We found that it 
decreased under the supposition that the P, 
and V values and Friedenwald’s law which 
we employed were correct. There was al- 
ways a doubt about these basic features of 
the method. Only a radical change of the 
method can free us from this dependency 
upon questioned tables and formulas. We 
need a method in which the errors can be: 
better estimated. Therefore, we are trying 
to develop a tonography based on applana- 
tion.® 

By employing different areas of applana- 
tion it is posible to ascertain a segment of 
the P-V curve of the living eye. In the re- 
gion between 10 and 35 mm. Hg the curve 
seems to be very well represented by Frie- 
denwald’s rigidity law. The values obtained 
are in good accordance with the known 
values if one takes the volume displaced by 
the tonometer as the total volume displaced. 
And there a new difficulty comes in, ‘be- 
cause the volume displaced by the tonometer 
is not the total volume displaced. Even this 
phrase is not correct. In tonographic experi- 
ments you try to compare deformation of 
the globe by the tonometer characterized by 
a volume with real elimination of liquid out 
of the eye. The only common denominator 
is that you express both in volume, but 
deformation and elimination are essentially 
different things. 

For the Schigtz tonometer Prijot'® found 
the real amount of displaced liquid in the 
living eye to* be 1.5-1.7 times the volume 
of indentation. For applanation the volume 
is different. It was necessary to develop the 
theoretical basis for a better determination 
of the liquid eliminated. We found a 
suction method promising. 

wNow, after having defeated all these diff- 
culties we can begin with applanation tonog- 
raphy. If one raises the intraocular pressure 
to a definite level by pressing on the equator 
of the eye and checks the pressure by ap- 
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planation measurements on the cornea, for 
a definite time, at the end of compression 
one can determine the volume lost by means 


of applanation methods and the previously 


determined P-V curve. Now the outflow re- 
sistance can be calculated if we know P,. 
What is P,? You.all know that repeated 
tonometry with the Schigtz tonometer, 
though very brief, lowers the intraocular 
pressure. One speaks of massage effect. 
Various authors, especially Stocker, have 
shown that the lowering of pressure may 


persist, and may also be detected in the 


other eye. Even more impressive is what is 
seen in applanation tonometry. Here the ten- 
‘sion is increased during tonometry by less 
than one mm. Hg. In spite of this minimal 
increase, the intraocular pressure of .many 
normal persons diminishes during repeated 
tonometry some two or more mm. Hg in 
three or four minutes. In some subjects the 
decrease continues for longer than this. 

It can be shown that the decrease in pres- 
sure is real and not merely a change in 


corneal consistency. Moreover,.if measure- 


ment is continued, the decreased tension 
level is maintained, but may readily be dis- 


turbed for short periods by emotional ex-. 


citement. 

What does this mean for tonography : 
There are three possibilities : 

1. It is a vascular effect, a decrease of 
volume of the globe by vasoconstriction. By 
such an effect P,, the intraocular pressure 
of equilibrium is not changed, and in tonog- 
raphy one should employ the first measured 
P, value. 


2. It is a vascular or muscular effect, but 


one where the change is not a decrease of 
pressure but is an increase of tension, per- 
haps due to the manipulations and prepara- 
tions before tonometry, and that the de- 
crease is a reestablishment of equilibrium. 
In this case P, is not the first, but the last 
stable value of the tension. 

3. The decline in pressure is the result of 
change in one or more of the basic factors 
of outflow—a decrease in secretion, a dimi- 
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nution of episcleral venous pressure, and 
so on. In this case also the final value of P, 
must be used in the tonographic calculations. 

What possibility is there of distinguishing 
between Case 1 on one hand and Cases 2 
and 3 on the other hand? If one considers 
the rate of change of volume of the eye with 


dv 
change in pressure = yu one sees that this 


corresponds, in the electrical analogy, to a 
capacitance. On the discharge of a capaci- 
tance through a resistance, capacitance times 
resi,tance has the dimensions of time. Thus, 
a capacitance—resistance system may be 
characterized by a time constant, the time re- 
quired for the system to dissipate 63 percent 
of its charge. 

The human eye constitutes such a capaci- . 
tance—tresistance system and the time con- 


- stant of the normal eye may be calculated to 


be approximately four to six minutes. But 
the pressure remains stable at the lower level 
for over 15 minutes and this suggests that 
the lower pressure value is the real P, of 
equilibrium. What here is demonstrated as 
characteristic with the applanation tonom- 
eter must be true similarly with Schigtz 


_tonography. Much of the rapid decreases of 


pressure seen in the first part of many 
tonographic curves which we called “creep” 
is not creep but depends on the preparation 
of the patient. It confirms to a great extent 
what Grant’ has insisted upon. But if one 
does not wait until P, stabilizes before per- 
forming tonography—and this stabilization 
may take several minutes and cannot ‘di- 
rectly be deduced from the tonographic 
curve—quite erroneous P, values will be 
taken for the calculation of facility, even if 
the first part of the tonographic curve is not 
used for calculation. 

As to the results of our wotk with ap- 
planation tonography, it is very early in the 
game to say much. So far, even in very early 
cases of simple glaucoma, we have found in- 
creased resistance. Perhaps in very early 
glaucoma, nervous disturbances of homeo- 
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_ stasis may play a role. We have no support 

for this, but our material is small, so we must 
leave the ‘question open. We can however 
confirm with this method that in simple 


' glaucoma of longer standing the cause of. 


the increased tension is an increase of the 
resistance of the outflow channels of the 
angle. The instability of the pressure of 
many of these cases has at least three purely 
mechanical reasons: 

1. The P-V curves show that the capaci- 
tance of the normal eye is much greater 
than the capacitance of a glaucomatous eye 
on account of the lower pressure level. So, 
equal volume changes produce a greater 
pressure change in glaucomatous than in 
normal eyes. | 

2. The time constant of a glaucomatous 
eye is higer than that of a normal eye, be- 
cause resistance increases much quicker than 
capacitance decreases; therefore every dis- 
turbance of equilibrium needs more time to 
be compensated. 

3. Every change in flow must cause 
greater pressure changes in a eye with high 
resistance than in one with a low one.** The 
interference of a nervous mechanism™ is 
therefore not necessary for the elucidation 
of the wide diurnal swings of tension seen 
in simple glaucoma. 

Up to this time we have spoken about the 
various aspects of the problems of simple 
glaucoma, but a most important facet is still 
missing. People suffering from uncontrolled 
simple glaucoma long enough become blind. 
The visual field decays as a rule in a very 
characteristic fashion and a specific atrophy 
of the optic nerve, the glaucomatous excava- 
tion, develops. Certain investigators, and not 
unimportant ones, hold the opinion that this 
glaucomatous atrophy is a manifestation of 
a general disease and to a great extent is inde- 
pendent ‘of the increase of intraocular pres- 
sure. 

How is it possible that such an opinion 
could find serious defenders? 

There is no doubt that in secondary glau- 
coma and in angle-block glaucoma the high 
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pressure is the cause of the glaucomatous 
excavation, the atrophy of the optic nerve 
and the deterioration of the visual field. The 
chief arguments for the independence of the 
disease of the optic nerve from the ocular 
hypertension are the following : 

1. In secondary glaucoma high intraocu- 
lar pressure may be withstood for months 
without visual field defect. On the other 
hand, in simple glaucoma a small increase of 
tension is correlated with very severe losses 
in the visual field. 

2. Cases of simple glaucoma with grave 
damage to the visual field continue to de- 
cay to'virtual blindness even after normali- 
zation of the tension. 

3. It is said that cases of modest but defi- 
nitely pathologic ocular hypertension exist 
where the eye never shows a visual field de- 
fect, and on the other hand there are cases 
with normal tension but with glaucomatous 
atrophy and field loss. To this third point 
we say: cases which:we have seen with ap- 
parently modest hypertension for decades 
and without visual field damage, were eyes 


‘with a high coefficient of scleral rigidity and 


normal pressure. The greater part of so- 
called glaucomas without hypertension were 
eyes with extremely low scleral rigidity. 


_ There are, in fact, cases with normal ten- 


sion, very slowly progressing field defects 
and glaucomatous excavation of the optic 
nerve, but these are very rare. These rare 
cases need further study. 

The other observations which are at the 
base of the doubt about the correlation of 
loss of visual function and intraocular pres- 


‘sure can be treated together. Secondary 


glaucoma and angle-block glaucoma are 
states in which we can often exactly indicate 
the day when the increase in pressure be- 
gan. In simple glaucoma this has not been 
possible. Now, thanks to the extremely in- 
teresting work of Leydhecker,’® we can say, 
in the main how much time elapses between 
the beginning of a simple glaucoma as an 
increase of pressure and the beginning of 
the visual field defect. Leydhecker has ex- 
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Fig. 1 (Goldmann). For explanation see text. 


amined 19,000 eyes of so-called normal peo- 
ple with a standardized Schigtz tonometer. 

He found 427 people with a pressure 
higher than 20 mm. Hg. These 427 people 
were treated as glaucoma suspects and were 
subjected to a battery of tests, including 
diurnal pressure curves, provocative tests, 


ophthalmoscopy, perimetry, and a modified 


tonography which Leydhecker’’ previously 
had found highly successful in distinguish- 
ing between normal persons and cases of 
early glaucoma. Persons in whom at least 
two of the additional tests confirmed the sus- 
picion of glaucoma were classified as glau- 
coma patients. | 

From these proven cases Leydhecker fur- 
ther selected those with well-established field 
defects. 

-If one puts the number of the diseased as 
logarithm on the ordinate and their age on 
the abscissa, very interesting plots can be 
obtained (fig. 1).*7 The suspected cases 
(crosses, fig. 1) represent an irregular group, 
as is to be expected. The confirmed simple 
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glaucomas have (full circles, fig. 1), on a 


- semilogarithmic representation, a good linear 


correlation. This means that their number 
increases with age according to a curve of 
organic growth. 

Glaucomas with visual field defect (open 
circles, fig. 1) also lie ona straight line. The 
two lines are parallel, but displaced from 
one another by approximately 18 years. 
What does this mean? It means that in- 
creased intraocular pressure precedes visual 
field defects. Both have the same rate of in- 
crease in incidence. Therefore, in all prob- 
ability, the decay of the visual field is the 
result of the increase in pressure but, from 
the beginning of the pathologic increase of 
pressure until the manifestation of the vis- 
ual field loss, there is a lapse of more than 
one decade. The simple glaucoma with se- 
vere field loss is therefore the end state of 
a disease which began decades earlier. 

_ Is it then to be wondered at, that in sec- 
ondary glaucoma where the day of onset is 
exactly known, an increased tension may be 
withstood without freld damage for a few 
months? I think that the findings of Leyd- 
hecker invalidate the evidence of these cases 
for a statement that intraocular pressure has 
nothing to do with visual field decay. 

What concerns us now is the sad fact that 
in glaucoma with very grave field loss, blind- 
ness often can not be avoided, even when 
the pressure is normalized. I will tell you a 
story pertinent to this: 


A man was discharged from military service in 
1940 because of vertigo and slight unilateral di- 
minution of hearing. In 1954 he went to an oph- 
thalmologist because he had headaches and, from 
time to time, somewhat blurred vision. Papilledema 
was found, with normal visual acuity and enlarge- 
ment of the blindspots. A neurologist made the 
diagnosis of tumor of the cerebellopontine angle 
and advised operation, which was declined. In No- 
vember, 1956, the condition of the patient was ob- 
jectively virtually unchanged. But shortly after- 
ward, his visual acuity seriously diminished. He 
saw 0.5 (20/40) and 0.3 (20/70) and his visual 
fields were very restricted. The choked discs were 
atrophic. Now the patient consented to the opera- 
tion. The surgery went well, but the patient’s vision 
went down and now he is totally blind. 
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Everyone of you knows such cases. No 
one doubts the connection between the loss 
of vision and the intracranial hypertension 
caused by the tumor. When the cause of the 
hypertension is removed early, the choked 
disc disappears without damage to the optic 
nerve. But when the atrophy has begun then, 
in many cases, even removing the cause can 
no longer interfere with the destruction of 
the optic nerve. 7 

Now we see that what we have called the 
full picture of simple glaucoma is nothing 
else but a late and often final phase of 
evolution—a final, often a moribund state, 
the result of years of insult to the optic 
nerve. At this stage normalization of the ten- 
sion may or may not rescue the few remain- 
ing neurons. | 

On the other hand it is clear that there is 
plenty of time during which one can diag- 
nose simple glaucoma. Systematic measure- 
ment of tension in persons over 40 years of 
age every three or four years when they 
have the regular check for their presbyopia 
should suffice to detect almost all cases of 
simple glaucoma before great damage is 
done to the function of the eye, and permit 
early institution of treatment. Long experi- 
ence has proved to me and to others that 
early and adequately continued strict nor- 
malization of tension avoids decay of the 
visual field in almost every case. 

It would appear that we have now reached 
the point where the problem of simple glau- 
coma seems to be resolved in its principles: 

Simple glaucoma is a disease in which the 
increased intraocular pressure caused by an 
increase of the resistance of the outflow sys- 
_ tem of the eye slowly damages the nerve 
and finally causes blindness. Is this really 
so? 

_ I think that this definition is valid for the 
fully developed simple glaucoma. Is it true 
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at the start of simple glaucoma? I do not 
know. 

If somebody says that in the group of 
patients with beginning glaucoma simplex 
there is a disturbance of the regulation 
which leads to an increase of resistance 
which may be reversible at the start and be- 
comes irreversible later on, I do not believe 
that our actual methods of examinatioin can 
refute such a hypothesis. The proof or the 
refutation of such a possibility would be of 
extreme practical importance, because it 
would raise the question of the reversibility 
of a commencing glaucoma. © 

On the other hand, is it not true ‘that the 
decay of the visual field in the late state of 
simple glaucoma (even if the tension is nor- 
malized) proves that, at a certain point, the 
disease of the optic nerve becomes inde- 
pendent of the intraocular pressure? 

Again new and important questions arise. 

Is the transition from the state of the dis- 
ease, which is dependent on the pressure, 
to the state where it becomes independent, 
sudden—or does the limiting pressure value 
which is just damaging, slowly diminish 
during the course of the disease until at 
last there is no pressure at all compatible 
with the survival of the rest of the optic 
nerve? 

All these questions require a method that 
will determine in every single case the limit- 
ing pressure which the individual optic 
nerve can. withstand continously without 
damage. Only when we have resolved these 
borderline problems in both early and late 
glaucoma can we evaluate to a certain ex- 
tent the whole pathophysiology of simple 
glaucoma. Even then in the process of their 
solution there may arise basic problems at 
present beyond our conception. 

University of Bern 

Eye Clinic. 
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OPHTHALMODYNAMOMETRY: A DIAGNOSTIC AID IN 
CEREBROVASCULAR DISEASE* 


- Ropert A. ScuimMexk, M.D., AnD ALLEN BEALLo,’ M.D. 
New Orleans, Louisiana 


Ophthalmodynamometry is a recently rec- 
ognized aid in the diagnosis of cerebrovas- 


cular disease. It should enhance the role of © 


the ophthalmologist in neurologic diagnosis 


and provide indications for carotid vascular 


surgery. More than 40 years ago Bailliart' 
described his technique of ophthalmodyna- 
mometry, which made possible estimation of 
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diastolic and systolic blood pressures in the 
central retinal artery. Occlusions of the ca- 
rotid artery will usually cause lowering of 
the blood pressure in its first branch, the 
ophthalmic artery, and in the central retinal 
artery. Therefore, comparison of the blood 
pressure in the artery of each eye by oph- 
thalmodynamometry is a convenient bedside 
method for detecting occlusion of the carotid 
artery. 

The increasing importance of early diag- 
nosis of occlusion of the carotid artery is 
due to a number of factors. First, surgical 
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Fig. 1 (Schimek and Beallo). Diagrammatic rep- 
resentation of common sites of atherosclerotic in- 
volvement and occlusion. of the arteries. (Courtesy 

of Jackson.’ ) 


cure of vascular occlusions has become feas- 
‘ible only recently. Secondly, as the life span 
of the population has been lengthened, the 
incidence of “strokes” due _ cerebral 
thromboses and cerebral hemorrhages, as 
well as intermittent cerebrovascular insufh- 
ciency, has increased. The last condition is 
our concern here. Hutchinson and Yates? 
showed that it is caused by lesions of major 
vessels in the neck in 40 of 83 consecutive 
patients with atherosclerotic cerebrovascular 
insufficiency. 

Figure 1 shows the commonest sites of 


~ atherosclerotic involvement of the arteries.* 


Occlusion at the proximal segment of the 
carotid artery’ is common and can be at- 
tacked surgically. Since the brain is only two 
percent of the body weight but receives one 


sixth of the cardiac output and is completely | 
dependent on glucose and oxygen, consum- 
ing nearly one fifth of the oxygen used by 
the body, the importance of prompt surgical 
treatrnent for carotid obstruction is obvious. 
Occlusion of a carotid artery can cause con- 
tralateral hemiplegia, seizures, and ipsilat- 
eral blindness. However, if the collateral cir- 
culation is good or if the occlusion is partial, 
it may cause either no symptoms at all or 
else gradually developing or recurring symp- 
toms. 

In such cases, diagnostic information can 
be obtained by (1) palpating the arteries in 
the neck for absence of pulsation of the 
carotids, (2) digital pressure to the unaf- 
fected carotid artery to cause syncope or 
other symptoms by reducing the collateral 
circulation, (3) arteriography (figs. 2 and 
3), and (4) ophthalmodynamometry. Digital 


pressure on the carotid arteries and arteriog- 


Fig. 2 (Schimek and Beallo). Carotid arteriogram 
showing partial obstruction of the internal carotid 
with filling of external and internal carotid systems. 
(Courtesy of Jackson.*) 
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CEREBROVASCULAR DISEASE* 
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Ophthalmodynamometry is a recently rec- 
ognized aid in the diagnosis of cerebrovas- 
cular disease. It should enhance the role of 
the ophthalmologist in neurologic diagnosis 
and provide indications for carotid vascular 
surgery. More than 40 years ago Bailliart' 
described his technique of ophthalmodyna- 
mometry, which made possible estimation of 
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diastolic and systolic blood pressures in the 
central retinal artery. Occlusions of the ca- 
rotid artery will usually cause lowering of 
the blood pressure in its first branch, the 
ophthalmic artery, and.in the central retinal 
artery. Therefore, comparison of the blood 
pressure in the artery of each eye by oph- 
thalmodynamometry is a convenient bedside 
method for detecting occlusion of the carotid 
artery. 


due to a number of factors. First, surgical 


The increasing importance of early diag- 
nosis of .occlusion of the carotid artery is 
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sixth of the cardiac output and is completely 
dependent on glucose and oxygen, consum- 
ing nearly one fifth of the oxygen used by 
the body, the importance of prompt surgical 
treatment for carotid obstruction is obvious. 
Occlusion of a carotid artery can cause con- 
tralateral hemiplegia, seizures, and 1psilat- 
eral blindness. However, if the collateral cir- 
culation is good or if the occlusion is partial, 
it may cause either no symptoms at all or 

else gradually developing or recurring symp- 
toms. 
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~ 


internal Carotid 
In such cases, diagnostic information can 
es be obtained by (1) palpating the arteries in 
the neck for absence of pulsation of the 
W carotids, (2) digital pressure to the unaf- 
| A | | fected carotid artery to cause syncope or 


| other symptoms by reducing the collateral 
| 7 circulation, (3) arteriography (figs. 2 and 
| 3 | 3), and (4) ophthalmodynamometry. Digital 
pressure on the carotid arteries and arteriog- 


_ Fig. 1 (Schimek and Beallo). Diagrammatic rep- 
resentation of common sites of atherosclerotic in- 
volvement and occlusion of the arteries. (Courtesy 
of Jackson.*). 


cure of vascular occlusions has become feas- 
ible only recently. Secondly, as the life span. 
of the population has been lengthened, the 
incidence of “strokes” due to cerebral 
thromboses and cerebral hemorrhages, as 
well as intermittent cerebrovascular insuffi- 
ciency, has increased. The last condition is 
our concern here. Hutchinson and Yates? 
showed that it is caused by lesions of major 
vessels in the neck in 40 of 83 consecutive 
patients with atherosclerotic cerebrovascular 
insufficiency. 

Figure 1 shows the commonest sites of 
atherosclerotic involvement of the arteries.* 
Occlusion at the proximal segment of the 


carotid artery is common and can be at- 
showing partial obstruction of the internal carotid 


tacked surgically. Since the brain is only two with filling of external and internal carotid systems. 
percent of the body weight but receives one (Courtesy of Jackson.’) | 


Fig. 2 (Schimek and Beallo). Carotid arteriogram 
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showing obstruction at the origin of the internal 
carotid artery and filling of the external carotid 
system. (Courtesy of Jackson.’*) 


raphy entail definite dangers, whereas oph- 
thalmodynamometry is a safe procedure of 
considerable diagnostic value. 


The technique of ophthalmodynamometry | 


has been adequately described in the litera- 
ture.*° The ophthalmodynamometer is a 
spring-loaded plunger rod which is cali- 
brated to measure pressures ranging from 
10 to 150 gm. It is equipped with a footplate 
which is placed against the conjunctival sur- 
face of the eye at the insertion of the lateral 
rectus muscle. The ophthalmodynamometer 
is pressed against the eye with increasing 
pressure until the central retinal artery on 


the disk is noted to have a collapsing pulsa-_ 


tion. At this point the intraocular pressure 
has been raised to exceed slightly the dias- 
tolic level of the blood pressure in the retinal 
artery ; the finger is applied to the brake on 
the instrument and the reading is obtained. 
When the measurements are made in the pa- 
tient’s right eye, the ophthalmodynamometer 
should be held in the examiner’s left hand 


and the ophthalmoscope in his right hand. 


For the left eye, the examiner should hold 
the ophthalmodynamometer in the right 
hand and the ophthalmoscope in the left. 

To obtain the systolic pressure, the pres- 
sure with the instrument is increased until 
all visible arterial pulsation ceases. The dia- 
stolic pressure should be taken four or five 
times in each eye to insure accuracy. The 
systolic pressure should be obtained only 
after all the diastolic readings are made be- 
cause a more pronounced lowering of ocular 
pressure occurs after determination of the 
systolic readings. The pupils should be di- 
lated for maximum ease of performance and 
the eyes may be anesthetized topically. 

The direct readings are in grams; this 
affords comparison between the retinal blood 
pressures of the two eyes. Results were re- 
corded. in this manner throughout the pres- 
ent study. The readings can be converted 
into millimeters of mercury by a conversion 
table® which also must take into account the 
intraocular pressure. The intraocular pres- 
sure should be determined in all cases for 
maximum accuracy. It is not necessary to 
convert the ophthalmodynamometer readings 
to millimeters of mercury. unless the intra- 
ocular pressure readings are grossly un- 
equal. | 


RESULTS OF OTHER STUDIES 


Since the central retinal artery is a direct 
branch of the ophthalmic artery, which is 


the first branch of the internal carotid ar- 


tery, occlusion of one internal carotid artery 
would be expected to result in a much lower 


pressure of the central retinal artery on the 
occluded side as compared with the patent 


side. The literature indicates that this is un- 
doubtedly true in most cases of obstruction of 


the carotid artery. For example, in Wood and 
- Toole’s series’ of five patients with complete 


occlusion of the carotid artery, four had 
more than 36-percent reduction in the dias- 
tolic pressure of the central retinal artery on 
the obstructed side, and one patient had a 
diminished diastolic pressure of 25 percent in 
the central retinal artery. Van Allen and as- 


Fig. 3 (Schimek and Beallo). Carotid arteriogram 


OPHTHALMODYNAMOMETRY 


Fig. 4a (Schimek and Beallo). Diagrammatic 


representation of obstruction at the origin of the 
internal carotid artery with the external carotid 
system open and anastomoses functioning between 


these two systems. Blood from the external carotid — 


by way of the facial artery and the facial anasto- 
moses with the ophthalmic artery anastomose with 
and backfill the internal carotid system. (Courtesy 
of Jackson.*) 


sociates® described three cases of complete 
occlusion of the carotid artery, with the 
pressure in the central retinal artery lowered 
from 30 to 49 percent.on the occluded side. 
However, in other studies less noticeable dif- 
ferences in the diastolic pressures of the cen- 
tral retinal artery are reported despite occlu- 
sion of the carotid artery on one side, For ex- 
ample, Hyman, Karp and Bloor® reported the 
following percentage decreases in the diastolic 
pressures of central retinal arteries ipsilat- 
eral to complete carotid occlusions. Among 
seven patients with carotid occlusions, three 
had from 36 to 59 percent decrease in the 
central retinal artery ipsilateral to the oc- 
cluded carotid, three had only a 17 to 22 per- 
cent decrease, and one patient had merely a 
four-percent decrease. In a group having 
ligation of the carotid artery, one had only 
a five-percent decrease, whereas four others 
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had more significant decreases from 19 to 42 
percent in the pressure of the central retinal 
artery ipsilateral to the partial occlusion. 
Figure 4-a shows diagrammatically the 
anastomosis between the external carotid 
and internal carotid systems by way of the 
facial artery and the facial anastomoses with 
the ophthalmic artery and the internal carot- . 
id system. Figure 4-b shows a carotid ar- 
teriogram in which the internal carotid ar- 
tery was occluded with dye passing from the 
external carotid into the facial artery and 
through anastomoses into the ophthalmic ar- 
tery to backfill the internal carotid system. 
Obviously, in such cases with excellent col- 
lateral circulation the decrease of arterial 
pressure will not be as great as one might 
expect. On the other hand, some normal per- 
sons will have considerable variation in pres- 
sure of the central retinal artery. | 
Again, in 13 patients with no evidence of 
carotid occlusion, Hyman and associates® re- 
ported a difference of three percent or less 
between the diastolic pressures of the cen- 


Fig. 4b (Schimek and Beallo). Carotid arterio- 
gram showing actual internal carotid occlusion, with 
dye passing from the external carotid into the facial 
artery and through anastomoses (facial) into the 
ophthalmic artery to backfill the internal carotid 


system. (Courtesy of Jackson.’) 
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TABLE 1 
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COMPARATIVE RETINAL ARTERY DIASTOLIC PRESSURES WITHOUT CAROTID OCCLUSION 


Diastolic Readings Difference Open by 
Case faen.) (percent) Angiography Final Diagnosis 
1 60-60 0 Yes Basilar insufficiency 
3 75-75 Yes Subarachnoid hemorrhage 
4 80-80 0 Yes Cerebral atrophy 
25-25 0 Basilar insufficiency 
6 §2-52 0 oo ? Hysteria 
90-90 0 — Cerebral atrophy 
8 62-59 4.8 — Basilar insufficiency | 
9 70-65 Eee — Basilar insufficiency 
10 60-50 16 Yes — 
11 60-50 16 Yes Cerebrovascular accident 


tral retinal artery in seven, and a difference 


of four percent in four. Two patients, how-— 


ever, had a 16-percent and an 18-percent 
difference respectively. Therefore, it is 
likely that the difference between the pres- 
sures of the central retinal artery must usu- 
ally be of the magnitude of 25 percent or 
more in order to be significant. This will 
probably allow a small overlap between some 
patients with normal carotid arteries and 
some with obstructions of the internal carot- 
id artery but with excellent collateral cir- 
culation. | 

Some investigators*° have noted that oph- 
thalmodynamometer readings of the systolic 
pressures are of great value in partial occlu- 
sion of the carotid artery, and in equivocal 
diastolic pressure readings. We have not 
routinely obtained systolic readings because 
of the possible danger of inducing perma- 
nent closure of the central retinal artery. 
This complication would seem possible in a 
patient with arterial vascular disease, just as 
digital occlusion of the carotid artery may be 
dangerous. However, such a complication 
must be rare indeed. We have been advised 
that one such occlusion of a central retinal 
artery with permanent visual impairment 
was precipitated in a medical center where 
many ophthalmodynamometer determina- 
tions of systolic pressures are routine. In 
another medical center, transient occlusion 
of the retinal artery occurred but subsided 


? 


without permanent damage. Our policy has 


probably been ultraconservative in determin- 
ing only the diastolic pressures routinely. 
Systolic pressures were determined only in 
exceptional cases, and then with extreme 
care to exert pressure for as brief a period 
as possible. 


RESULTS OF PRESENT STUDY 


The following studies were performed on 
patients at the Ochsner Foundation Hospital 
during the past year. Ophthalmodynamome- 
try was usually performed on patients in 
whom carotid occlusion was suspected. .The 
cases in Table 1 were finally diagnosed clin- 
ically as having no carotid obstruction. Some 
of these patients were demonstrated by an- 
giography or by exploration to have no ca- 
rotid obstruction. The majority had essen- 
tially no difference between the diastolic pres- 
sures of the central retinal arteries. The fol- 
lowing are interesting examples of some pa- 
tients in whom the carotid vessels were diag- 
nosed as normal: 


3 

This 42-year-old man was admitted to the Neuro- 
surgical Service of Ochsner Foundation Hospital 
with a severe sudden left frontal headache. The clin- 
ical impression on admission was intracranial an- 
eurysm with rupture. The ophthalmodynamometry 
readings were equal in both eyes, 75/75 gm. Arterio- 
grams revealed no evidence of intracranial aneurysm 
and no evidence of occlusion of the carotid arteries. 
The patient was discharged 10 days later with the 
diagnosis of subarachnoid hemorrhage. 
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| TABLE 2’ 
_ COMPARISON OF RETINAL ARTERY DIASTOLIC PRESSURES IN COMPLETE UNILATERAL CAR OTID OCCLUSION 


Diastolic Readings (in gm.) 


Open Occluded 


Decrease Occlusion Shown by 


(percent) 


Angiography Operation 


No consistent readings 
85 60 


45 28 


33 


Case 7 


ice with a history of sudden weakness and numbness 
in the right hand once five years before admission 
and again 10 days before, lasting several hours each 
time. Ophthalmodynamometer readings were 90 gm. 
bilaterally. Physical examination revealed a_ hesi- 
tancy of speech, a weakness in the right lower ex- 
tremity, and some spasticity on the right. Occlusion 
of each carotid by digital pressure caused no change. 
A pneumoencephalogram demonstrated dilated lat- 
eral ventricles, a large amount of air over the hemi- 
spheres, and flattening of the gyri, compatible with 
a diagnosis of cerebral atrophy. 


Case 9 

This man had ataxia, dizziness, dysarthria and 
transient cranial nerve involvement with diplopia. 
Ophthalmodynamometer readings were 70 gm. on the 
right and 65 gm. on the left, a difference of about 
seven percent. The clinical impression of disease of 
the basilar artery was substantiated by a vertebral 
arteriogram showing a plaque in the basilar artery. 
‘Anticoagulant thérapy was prescribed and the pa- 
tient was discharged. 


Case 10 

This woman had a history of intermittent “black- 
out” spells with the left eye, the first spell occurring 
ten months before admission and lasting five min- 
utes, and three similar episodes recurring during the 
previous six months. Ophthalmodynamometer read- 
ings were 60 gm. in the right eye and 50 gm. in the 
left eye, a difference of 16 percent. On carotid arteri- 
‘ography the carotid system on both sides was patent, 
although there was some irregularity of the left 
internal carotid. However, the left ophthalmic artery 
was never visualized. Since the ophthalmic artery 
did not fill during angiography, and because of the 
intermittent blind spells, this patient may have had 
an obstruction close to the orifice of the ophthalmic 
artery. 


Table 2 shows comparative. pressures in 
the retinal artery with complete carotid oc- 


This man was admitted to the Neurosurgical Serv- 


clusion on one side. It will be noted that 
there is usually a significant decrease (more 
than 25 percent) in the diastolic reading of 


the occluded side. The following cases of 


complete occlusion of the carotid are of spe- 
cial interest. 


12 
This man had a traumatic carotid cavernous 


fistula. The right carotid artery was tied off in the 


neck. A significant decrease of 33 percent was found. 
on the side of the occlusion. 


Case 13 | | 
This man was admitted with left hemiparesis of 

recent onset. Ophthalmodynamometer readings were 

80 gm. in the right eye and 53 gm. in the left eye, 


a decrease of 34 percent on the left. Subsequent ar- 


teriography revealed complete occlusion of the left 
internal carotid and partial occlusion of the right 
internal carotid artery. The preoperative findings 
were substantiated at operation and endarterectomies 
were done. Ophthalmodynamometry was helpful in 
this case in localization of a lesion opposite to the | 
clinically suspected side. This in turn helped to dem- 
onstrate the involvement of multiple vessels in this 
patient, unsuspected by physical examination or his- 
tory. 


CASE 14 

‘This man was admitted to the Neurologic Serv- 
ice with left hemiparesis of mild degree and gradual 
onset, and weakness of the left side of the face. 
Occlusive digital compression of the common ca- 
rotid on each side created no additional symptoms. 
Ophthalmodynamometry revealed a reading on the 
right of 60 gm. and on the left of 70 gm. This was 
a reduction of 14 percent on the right. Arteriogra- 
phy revealed complete occlusion of the-right inter- 
nal carotid artery with a normal left internal ca- 
rotid artery. At: operation, right internal carotid 
occlusion was confirmed. The absence of any large 


12 36 24 || — Tied 
13 80 53 34 Yes Yes 
14 70 60 14 Yes Yes 
15 46 39 15 Yes — 
16 65 42 35 “Ves Yes 
17 74 55 25 — — 
19 29 Yes _ Yes 
20 PO 37 Yes Yes 
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TABLE 3 
COMPARATIVE RETINAL, ARTERY DIASTOLIC PRESSURES WITH PARTIAL CAROTID OCCLUSION 


Diastolic Readings (in gm.) ‘Partial Occlusion Shown 
| Open | | Occluded (percent) Angiography Operation 
21 | 93 oe 5 ? Yes 
| « |e Xo Ye? 
24* | 65 | 61 6 Yes Yes 


* Complete occlusion on one side, partial-ecclusion on other side. 


significant difference 
readings and a negative carotid compression test 
suggest a good collateral circulation in this patient. 


Case 16 


This man was admitted with a clinical diagnosis 
of complete occlusion of the left internal carotid 
artery, and this was confirmed at operation. End- 
arterectomy was performed on the left internal ca- 
rotid artery. It was the impression of the surgeon 
that the obstruction was removed and the artery was 
patent after endarterectomy. A subsequent arterio- 
gram on the right showed narrowing of the right 
internal carotid artery.. Ophthalmodynamometry 
was performed at this time to compare the pres- 
sures of the retinal arteries. To the surprise of 
everyone, the reading for the right central retinal 
artery was 65 gm. and for the left central retinal 
artery 42 gm. This raised the question as to whether 
the left carotid artery, which had been opened, only 
several weeks ago, was still patent. Furthermore, 
this raised the question as to whether the right in- 
ternal carotid artery should be operated upon for 
narrowing (indicated on angiography) if the left 
internal carotid had become occluded since opera- 
tion. Since it was the general impression that the 
left internal carotid artery must be patent despite 


the ophthalmodynamometer readings, operation on — 


the right internal carotid was performed. However, 
when the right common carotid was clamped for a 
portion of the operation, the patient became convul- 
sive, demonstrating that the left internal carotid 
had probably become occluded since the previous 
endarterectomy. In this case, ophthalmodynamome- 
try gave valuable information on the postoperative 
status of one internal carotid system at a time when 
operation was planned on the other carotid system. 


CASE 18 


This man had hypertension and one-sided weak- 
ness. On carotid arteriography definite carotid occlu- 
sion was demonstrated and removed at operation. No 


consistent ophthalmodynamometer readings could be | 


made, since the readings varied from 40 gm. to about 
70 gm. on the same eye of either side with successive 
readings. The inconsistent readings may have been 
related to his labile hypertension. 


in ophthalmodynamometer 


Case 19 


This right-handed patient was admitted to the 
General Medical Service with aphasia, finger ag- 
nosia, and right homonymous hemianopsia. Ophthal- 
modynamometer readings were 85 gm. on the right 
and 60 gm. on the left, a decrease of 29 percent. 
Bilateral arteriograms revealed complete block of 
the left internal carotid artery. Endarterectomy was 
successfully performed on the left internal carotid 
artery, although symptoms were not greatly. im- 
proved postoperatively. 


Table 3 shows the comparative diastolic 
pressures in the retinal arteries of patients 
with partial carotid occlusion. The percent- 
age decrease is much less, ranging from no 
significant difference to six percent. 


Case 22 . 


This man had a severe right hemiplegia of five 
days’ duration. Ophthalmodynamometry revealed an 
insignificant difference in pressures of the central 
retinal arteries, 80 gm. on the right and 78 gm. on 
the left, a difference of ‘about two per cent. Carotid 
angiograms revealed a narrowing of the left inter- 
nal carotid artery without complete occlusion, A 
left cervical sympathetic block resulted in satisfac-. 
tory return of motor function in the lower ex- 
tremity and partial return of function in the upper 
extremity. A left superior cervical ganglionectomy 
and left internal carotid endarterectomy were per- 


- formed with gradual but gratifying improvement. 


CAsE 24 


This man was demonstrated by carotid arteriog- 
raphy and at operation to have complete carotid 
occlusion on one side and partial internal carotid 
occlusion on the other side. Ophthalmodynamometer 


readings showed a six percent decrease on the side 


of the complete occlusion. There did not appear to 
be a great de¢rease in the level of the diastolic read-_ 
ings, as might be expected with complete carotid ob- 
struction on one side and partial carotid obstruction 
on the other side. Pee 
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TABLE 4 
RETINAL ARTERY DIASTOLIC PRESSURES WITH QUESTIONABLE OCCLUSION OF CAROTID SYSTEM 


i 


Diastolic Readings (in gm.) vanes 
Case Secs Clinical Impression 
Open Occluded (percent) 
25 — 52 12 Probable occlusion 
26 60 47 21 Probable postoperative occlusion 
69 Intracranial carotid occlusion 


55 17 


In Table 4 is shown comparison of dias- 
tolic pressures in the retinal arteries of pa- 
tients with questionable occlusion of the 
carotid system. Definite occlusion of the 
carotid arteries was not proved either by 
angiography or by operation at the time of 
the ophthalmodynamometer 


Case 27 


Thi§ woman had a vague senave of syncope. The 
left common carotid artery had only about one-fifth 
as much pulsation as the right common carotid. Oc- 
clusion of the left common carotid caused no difh- 
culty, but occlusion of the right common carotid 
caused sensations of passing out and could not be 
tolerated longer than 20 seconds. Clinically, the im- 
pression was that she had stenosis of the left com- 
mmon carotid artery. Ophthalmodynamometry re- 
vealed a reading in the right eye of 55 gm. and in the 
left eye of 17 gm., a large difference of 69 percent. 
Bilateral carotid angiograms showed a normal caro- 
tid artery on the right but could not demonstrate the 
left carotid. At exploration no apparent obstruction 
was found in the common carotid and the internal ca- 
rotid on the left at operation. Ophthalmodynamom- 
etry was repeated after operation with approxi- 
mately the same percentage decrease in the diastolic 
pressure of the central retinal artery on the left. 
Occlusion in the intracranial portion of the left in- 
ternal carotid artery, or perhaps in .the ophthalmic 
artery, was suspected to explain the ophthalmodyna- 
mometer findings, 


SUMMARY 


By means of ophithalnedynamometry, dif- 
ferences in the pressures of the central ret- 
inal arteries can be detected with a reason- 
able degree of accuracy and consistency. Six 
of nine patients with occlusion of the inter- 
nal carotid artery on one side showed a 25 


percent or greater lowering of pressure in 
the retinal artery on the side of the occlu- 
sion. However, two of the nine patients with 
complete unilateral carotid occlusion showed 
a decrease in the pressure of the central ret- 
inal artery of only 14 and 15 percent ipsi- 
lateral to the obstruction. These small dif- 
ferences in pressures of the essential retinal 


garteries were probably related to excellent 
Scollateral circulation. In a group of patients | 
<with apparently normal patent carotid sys- 


‘tems, there was usually no appreciable dif- 
‘ference between pressures of the central ret- 
inal arteries, with the exception of two pa- 
tients who had differences of 16 percent. 
However, in no patient presumed to have 
patent carotid vessels did the ophthalmody- 
namometer readings of the diastolic pres- 
sures differ by more than 16 percent be- 
tween the two eyes. In three patients after 
carotid operations, the ophthalmodynamom- 
eter continued to show a decrease in pres- 
sures of the central retinal artery on the 
operated side suggestive of partial unre- 
lieved carotid occlusion. The ophthalmody- 
namometer would seem to be an early, safe 
means of detecting re-occlusion of a carotid 
artery after vascular surgery. Ophthalmody- 
namometry is a simple, safe and usually ac- 
curate method of estimating the relative 
pressures between the two internal carotid 
systems. 
3503 Prytania. 
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MUSCLE TRANSPLANTS TO SCLERA IN ANIMALS* 


Ricuarp WestsMitru, M.D., Byron DemMorest, M.D., AND MiLton Ftocks, M.D. 
San Francisco, California 


In 1956, Burnside’ advanced the medial 
one half of the inferior oblique muscle to 
the sclera over the macular area in the eyes 
of three monkeys in an attempt to increase 
the blood supply to the retina in that area. 
In one of these animals the retinas had been 
previously sunburned by direct exposure to 
sunlight 'for four minutes, His histologic 
sections suggested to him that an increased 
blood supply to the macula was produced by 
this operative maneuver. He? further studied 
the blood volume of the area using radioac- 
tive tracer methods with phosphorous iso- 
topes in a series of dogs; but found that this 
method was not a reliable way of measuring 
the blood volume of the area. Encouraged 
by his histologic findings, however, and 
aware of the seriousness of the problem of 
senile macular degeneration, Burnside’ per- 
formed this operation on 28 patients with 
senile macular degeneration with the re- 
markable result of a definite improvement 
in vision in 27 of them. 

Stimulated by his findings, we have per- 
formed muscle transplants to the sclera in 


*From the Division of Ophthalmology, Depart- 


ment of Surgery, Stanford University School of 


Medicine. 


the macular area in 20 rabbit and two cat 
eyes. Six of the rabbit eyes had previously 
had the retina coagulated with the light co- 
agulator of Meyer-Schwickerath.* In three 
of these eyes, extraocular muscle was trans- 
planted to the sclera at the site of the burn. 
The superior rectus muscle was used for the 
transplant. The eyes were sectioned at vary- 
ing intervals from three days to three 
months after surgery. 

Although new granulation tissue was 
found in the site of the anastomosis on the 
surface of the sclera, in no case could we 
find definite ingrowth of vessels into the 
sclera suggesting increased blood supply to 
the choroid. Those animals treated with the 
light coagulator and muscle transplant 
showed no increased evidence of repair 
when compared to other areas burned with 
the light coagulator without muscle having 


been traneptanted beneath them (figs. 1 to 


5). 
ComMENT 
Senile macular degeneration is an ex- 
tremely important clinical problem to which 
only a relatively small amount of research 
has been directed. It has been presumed in 
the past that this condition is due to a de- 
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Fig. 1 (Westsmith, Demorest and Flocks). Rabbit 8. (a) Site of muscle anastomosis to the sclera. Bits of 
suture material can be seen. The choroid appears normal. The normal retina is artificially detached. (b) 
High-power view same eye. The sclera is not invaded by new vessels. 7 


— 
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artificially detached. (b) High-power view, same eye. The sclera and choroid appear unaffected. 


; 
4 4 - J 
Fig. 2 (Westsmith, Demorest and Flocks). Rabbit 9. (a) Site of muscle anastomosis. The retina is 


>> 


Fig. 4 (Westsmith, Demorest and Flocks). Rab- 
bit 13. An area of rabbit retina which has. been 
treated with the light coagulator. The disturbance 


is marked in the deepest layers of the retina near 


the pigment epithelium. 


crease in the blood supply to the area, but 
this is by no means definitely proven. Our 
results indicate that transplantation of an 
extraocular muscle to the sclera in the macu- 
lar area does not increase the blood supply 
_to the sclera in that area. From our find- 
ings in rabbits and cats, we are at a loss to 
explain the definite visual improvenient 
achieved by Burnside in 27 of 28 patients 
following inferior oblique advancement. We 
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Fig. 3 (Westsmith, Demorest and Flocks)..Rab- 
bit 6. The suture material and muscle are well into 
the wall of the sclera, but no new growth of blood 
vessels to the choroid is seen. 


can speculate that perhaps the muscle trans- 
plants furnished needed support to the pos- 
terior pole of the eye in the same way that 
Borley* has improved macular vision in high 
myopes by means of scleral transplants; or 
that the improvement was due to some other 
reason. We shall be extremely interested in 
the results of Burnside’s continuing series 
of patients treated surgically for senile 
macular degeneration. 


‘ 
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SUMMARY 


I:xtraocular muscle transplants to the 
sclera in the region of the macula do not 
produce histologic evidence of increased 
blood supply to the choroid or retina in 
rabbits. 

Clay and Webster Streets (15). 


Fig. 5 ( Westsmith, Demorest and Flocks). 
Rabbit 11. (a) The attached part of the ret- 
ina has been burned with the light coagulator 
and so does not become artificially detached 
as does the normal retina during the process 
of histologic preparation. The muscle is anas- 
tomosed to the sclera directly beneath the co- 
agulated retina. Bits of suture material can 
be seen. (b) High-power view, same area. 


The sclera shows no new growth of blood 


vessels near the choroid. (c) Higher power 
view, same area. The sclera beneath the cho- 
roid is not remarkable. 
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OPHTHALMOTROPIC DETERMINATION OF THE COMBINED. 
ACTIONS OF THE EXTRAOCULAR MUSCLES* 


Henry A. Knott,’ Px.D. 
Los Angeles, California 


INTRODUCTION 


The information presented in this report 
was gathered to be used in the design of a 
motorized ophthalmotrope. The motorized 
ophthalmotrope is to be designed to repro- 
duce actual eye movements as closely as pos- 
sible. In order to be able to design such an 
‘ophthalmotrope it was necessary to deter- 
mine the amount of muscle action required 
-by each of the six extraocular muscles to get 
the eye into all direction of regard. It was 
felt that the data obtained might be of value 
to other investigators studying the action of 
the extraocular muscles. The data were ob- 
tained by specifying eye positions in accord- 
ance with Helmholtz’s system of co-ordi- 
nates, but the values can very easily be 
transposed to any other system. An example 
of such a transposition is given in the text. 


APPARATUS 


The apparatus consisted of an ophthalmo- 
trope containing a miniature projection sys- 
tem and a plane projection screen located 10 


*From the Department of Biophysics and the 
Department of Surgery, Division of Ophthalmology, 
University of California Medical Center. This in- 
vestigation was supported by Research Grant B-1428 
from the National Institute of Neurological Dis- 
eases and Blindness, United States Public Health 
Service, Bethesda, Maryland. 

t Present address: Ophthalmic Research and De- 
velopment Section, Bauch & Lomb Optical Co. 
Rochester 2, New York. 


inches in front of the center of rotation of 
the ophthalmotrope. The two units were 
mounted on a rigid base common to both 
components. Views of the ophthalmotrope 
and the projection screen are shown in Fig- 
ures L Zand 


ae 


Fig. 1 (Knoll). Ophthalmotrope representing the 
right eye as seen from above. 


- 
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Fig. 2 (Knoll). Ophthalmotrope representing the 
right eye seen from a posterior medial aspect. The 
muscle weights and scales can be seen. The projec- 
tion screen with the coordinates of azimuth and ele- 
vation are seen behind the ophthalmotrope. 


The globe of the ophthalmotrope was 
made from a hollow plastic sphere 101.6 
mm. in diameter. This sphere rotated on a 
cylindrical cup made of aluminum tubing 
mounted on a brass rod attached to the 
“apex” of the orbit. The cup can be con- 
nected to a vacuum line to hold the globe 
fixed in a given position. The vacuum fitting 
can be easily seen in Figure 3. Rotation of the 
globe on this cup placed the center of rota- 
tion of the globe at its own center of curva- 
ture, a condition which does not exactly 
duplicate the circumstances in the living eye. 
This and the fact that the center of rotation 
is not a fixed point in the living eye are two 
approximations which had to be made in the 
ophthalmotrope. These are not serious ap- 
proximations, however, and will not invali- 
date the data. : 

Other approximations involve the “mus- 
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cles” used. Silk threads were used to repre- 


sent the central axis of each muscle. Origins 


and insertions were used which would repre- 
sent the centers of each of the six muscles. 
No attempt was made to duplicate the effects 
of the muscle sheath attachments to each 
other. Furthermore, no attempt was made to 
duplicate the effects of the other orbital con- 
tents. These effects are very complicated and 
would be difficult to reproduce. 

The four recti muscles were attached as 
follows: The insertions were located in ref- 
erence to the “limbus,” a circle having a 
diameter of 48 mm. centered on the sagittal 
diameter of the eye. Medial rectus muscle 
insertion: 22 millimeters from the limbus on 
the 0-degree meridian. Inferior rectus mus- 
cle insertion: 26 mm. from the limbus on the 
270-degree meridian. Lateral rectus muscle 
insertion: 28 mm. from the limbus on the 
180-degree meridian. Superior rectus muscle 
insertion: 33 mm. from the limbus on the 
90-degree meridian. The origins of the four 
rectus muscles were located on a circle hav- 
ing a diameter of 32 mm. centered about the 
brass support rod at the “optic foramen.” 

The insertion of the superior oblique mus- 
cle was on 90-degree meridian 19 mm. be- 
hind the equator. Its “origin” was on the 
medial wall of the orbit such that its course 


‘made an angle of 55 degrees 21 minutes with 


the wall of the orbit. In its course it passed 
under the superior rectus muscle. The inser- 
tion of the inferior oblique muscle was 12 


Fig. 3 (Knoll). Ophthalmotrope representing the 
right eye seen from the lateral aspect. 
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_ mm. below the 180-degree meridian, 30 mm. 


behind the equator. Its origin was on the 


medial wall of the orbit such that its course 
made an angle of 50 degrees 27 minutes with 
the wall of the orbit. 

The medial wall of the orbit was repre- 
sented by a vertical sheet of plastic oriented 
perpendicular to the projection screen. The 
center of the globe’ was located 81.8 mm. 
lateral to the wall. The center of the globe 


was located 135 mm. from the plane of the 


optic foramen. 

The muscle strings oaneed through small 
holes in the plastic sheets and were attached 
to lead weights. Each of the muscle strings 
carried an indicator whose position could be 
read against a vertical mm. scale. These 
weights and scales can be seen in Figure 2. 

The miniature projector mounted within 
the globe served to represent the retinal 
_ vertical and horizontal on the projection 
screen. A seven watt bulb was located be- 
hind a thin sheet of metal which had a small 
cross punched out of its center. The cross 
was imaged on the screen by means of a 
plano convex lens. 

The projection screen carried a grid rep- 
resenting a gnomonic projection of the co- 
ordinates of azimuth and elevation. The 
muscle lengths were plotted for each ten de- 
grees of azimuth and elevation from minus 
40 degrees (left) to plus 40 degrees (right) 


azimuth and from plus 40 degrees (up) to — 
minus 40 degrees (down) elevation. At each | 


position the appropriate amount of torsion 
was introduced in accordance with Listing’s 
law.? 

The data were taken as though the eye was 
fixed at a certain value of elevation and 
changed its position in azimuth. This would 
correspond to having the eye sweep hori- 
zontal lines parallel to the frontal plane at 
optical infinity. : 


RESULTS 


The data are presented in paired graphs 
representing the paired muscles. Since the 
model represents the right eye, minus azi- 
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muth values represent movements toward 
the nose, positive azimuth values represent 
movements toward the temple. The points on 
these curves represent the actual values 
measured. The curves have been fitted by 
eye. 

In Figure 4 may be seen the results for 
the horizontal recti. As expected, the change 
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Fig. 4 (Knoll). Change in muscle length (mm.) 
for the medial and lateral recti muscle of the right 
eye. Minus azimuth represents nasal direction. The 


numbers given above the curves represent the eleva- 
tion angles. The points 10, 20, 30 degrees elevation 


have been omitted since they all fall between the 
values shown. 
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Fig. 5 (Knoll). Change in muscle length (mm.) 
for the superior and inferior recti muscles of the 
right eye. Minus azimuth represents nasal direction. 
The numbers given above each curve represent the 
elevation angles. 


in muscle length is for all practical purposes 
a straight line function. The muscle lengths 
change very little as the eye is elevated or 
depressed, hence the values between the ex- 
tremes have been left off the graphs. 

The results for the vertical recti are 


shown in Figure 5. It will be noted that 


these muscles do have changes in length 
which are not reciprocally related. For ex- 
ample, when the eye is elevated (plus 40), 


CHANGE IN-MUSCLE LENGTH 


CONTRACTION 


the Aintanie3 in the superior rectus are mini- 
mal, but fairly large changes take place in the 
length of the inferior rectus. The reverse is 
true when the eye is depressed. This dif- 
ference is explained by the fact that the con- 
tracted muscle has its insertion close to the 
axis of rotation, whereas the extended mus- 
cle has its insertion at some distance in front 


of the axis of rotation and hence will swing — 
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Fig. 6 (Knoll). Change in muscle length (mm.) 
for the superior and inferior oblique muscles of the 
right eye. Minus azimuth represents nasal direction. 
The elevation angles are given only for 0 and 40 de- 
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gree elevation. The other elevation curves can be 


found between these. 


= 
@ 4 


COMBINED ACTIONS OF THE EXTRAOCULAR MUSCLES 
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Fig. 7 (Knoll). Change in muscle length (mm.) 
for all six muscles of the right eye as it moves 
along the 45-225 degree (up, nasalward—down, tem- 
poralward) meridian. Eccentricity is the angular 
displacement of the line of sight from the primary 
position along the meridian. | 


through an are which has its maximum ra- 
dius when the eye is looking straight ahead 
and its minimum radius upon looking na- 
sally. | 

The results for the oblique muscles are 
shown in Figure 6. Again, as expected, the 
changes in muscle length are quite different 
for the two obliques. Note that most of the 
action of the superior oblique is in the ele- 
vated position in extension. For the inferior 
oblique the action is fairly well divided be- 
tween elevation and depression, but the great- 
est changes take place in muscle extension. 
It is-also of interest to note that the superior 
oblique has its maximum vertical activity 
nasally, whereas the maximum vertical ac- 
tivity of the inferior oblique appears to be 
in the straight ahead position. These posi- 
tions cotrespond to those positions for which 
the insertions are displaced maximally from 
the axis of rotation of the globe. 

The extension of these data'can be dem- 
onstrated by choosing eye movements along 
some other system of coordinates: For ex- 
ample, the changes in muscle length may be 
desired as the eye passes from its primary 
position along oblique meridians. Such data 
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Fig. 8 (Knoll). Change in muscle length (mm.) 
for all six muscles of the right eye, as it moves 
along the 135-315 degree (up, temporalward—down, 
nasalward) meridian. Eccentricity is the angular 
displacement of the line of sight from the primary 
position along the meridian. 


have been extracted from Figures 4, 5 and 
6 to show the changes in muscle length as 
the right eye moves along the 45 to 225 
degres (up, nasalward—down, temporal- 
ward), and 135 to 315 degrees (up, tem- 
poralward—down, nasalward) meridians. 
These data are plotted in Figures 7 and 8. 
Here it is interesting to note that all the 
muscle functions approximate straight lines 
when movement within twenty degrees of 


straight ahead is considered. 


SUMMARY 


An accurately scaled ophthalmotrope has 
been constructed to determine the muscle ac- 
tions for all directions of regard of the right 
eye. These data have been presented in the 
form of graphs. The data are given in terms 
of angles of azimuth and elevation. 

A transposition to angles of meridional 
direction and eccentricity is given also. The 
following generalizations emerge upon ex- 
amination of the graphs: 

1. The lateral muscles change very 
slightly in length with elevation and depres- 
sion of the line of sight. 

2. The vertical muscles, when extended, 
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undergo greater shikeiees in Hength with lat- 
eral excursions of the line of sight than they 
do when contracted. 

3. The actions of the obliques are quite 
different from each other: 

a. The greatest changes in the length 
of the superior oblique muscle dur- 
ing vertical excursions take place 
when the line of sight is directed 
nasally whereas, 

b. The changes tm the inferior oblique, 
during vertical excursions of the 
line of sight, are fairly uniform for 
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nasal and temporal positions. Maxi- 
mum changes take place when the 
line of sight. is directed straight 
ahead. 

c. The action of the superior oblique 
muscle is largely extension. 


4, When the data are plotted for eye 
movements along meridians, the changes ap- 
proximate linear relationships when the 
movements are restricted to displacement 
less than twenty degrees. from the straight 
ahead position, 
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DISCUSSION 


Jay M. Enocu (St. Louis): May I suggest that 
the ophthalmotrope you have described would be 
_ very useful to demonstrate the changes in muscle 
action which would result with changes or varia- 
tions in muscle insertions. 

HERMANN M. Burian (Iowa City): Ween the 
“muscles” of the ophthalmotrope that you have de- 
scribed arranged in such a way that their functional 
‘insertions were always realized ? 

Henry A. Knott: Dr. Enoch’s suggestion is a 
very pertinent one and as a matter of fact this con- 
cept bothered us a great deal when it came to 
placing the insertion for the superior oblique. How- 


ever, a value was chosen and, of course, other in- 
sertions could now be tried to’see their effects. I 
am hoping to be able to have a mathematician con- 
struct a mathematical model which can then be 
manipulated more readily than the ophthalmotrope 
in any of the many parameters. 

In answer to Dr. Burian’s question, I can only 
say that the muscle threads were allowed to slip and 
slide over each other and over the surface of the 
globe as the geometry of the various eye positions 
dictated. For the model at. least, these were the 
functional insertions. 


CORNEAL HEALING 


James P. Ricc, M.D., Rosert W. Rice, M.D. 
Grand Junction, Colorado 


In order to evaluate adequately corneal 
healing one must consider the embryology, 
anatomy, chemistry, physiology, metabolism, 
and vascular and nerve supply. 


EMBRYOLOGY 


_ Hagedoorn believes and suggests that the 
endothelium which is again said to be of the 
first mesodermal element of the cornea 
grows in from the periphery behind the 
primitive ectodermal lamina, while at a later 


date the mesodermal stroma grows in edge- 
wise between the lamina and the epithelium. 
In which case, then, we would believe that 
the cornea is probably a mesodermal tissue 
except for Bowman’s membrane and the 
surface epithelial cells. 


ANATOMY. 


Anatomically the cornea is a clear trans- 
parent multilayered membrane, approxi- 
mately 0.5 mm. thick centrally and 0.6 mm. 


> 

i, 

‘ 
| 


“CORNEAL HEALING | 239 


thick peripherally, having a convex-concave 
shape with a diameter of approximately 
11.5 mm. and with a smooth and brilliant 
surface. It fits with a bevel margin into the 
anterior scleral foramen. In order that this 
thick margin may accommodate itself to the 
beveled edge of the sclera, the inner margin 
of the cornea is rounded off in a deep 
groove, the ‘sulcus circularis corneae, which 
fits into the internal scleral sulcus. 


The cornea proper is composed of five 


layers: (1) epithelium, (2) Bowman’s mem- 
brane, (3)-substantia propria, (4) Desce- 
met’s membrane, and (5) endothelium. 
The epithelium of the cornea is continu- 
ous with that of the conjunctiva, and the 
stroma of the cornea is continuous with that 
of the sclera while Bowman’s membrane, 
Descemet’s membrane, and the endothelium 
are co-extensive with the cornea. The cor- 
nea consists of two zones; (1) the cornea 
proper and, (2) the limbus or p¢ripheral 
portion ; and these portions do differ histo- 
logically and also in that vessels carrying 
blood and lymph are present at the limbus. 


EPITHELIUM 


The corneal epithelium is contiguous with 
the bulbar conjunctiva which is attached 
rather loosely to the anterior surface of the 
cornea, and is attached firmly only in a nar- 
' row often ridgelike strip known as the an- 
_ nular conjunctiva. The epithelium is five or 
six cells thick, morphologically unlike other 
stratified squamous mucous membranes (in- 
ciuding the conjunctiva) in at least two im- 
portant respects: its outer surface maintains 
a mirrorlike smoothness and its inner sur- 
_face is relatively loosely bound to the under- 
lying tissue. It is notably homogeneous, con- 
taining none of the goblet or other spe- 
cialized cells that are usually present in ma- 
cous membrane. There are three types of 
cells present in the epithelium: 

1. The basal cells are deeply situated and 
rest on Bowman’s membrane. These cells 
have round heads and are flat at their base; 


they are large cuboidal or low columnar. in 


type. They also have a clear cytoplasm and a 
round or oval nucleus and a diplosome in the 
apical part of the cell body. : 

2. The wing cells are of polyhedral shape 
and are arranged in three layers. The nuclei 
are oval and parallel to the surface. 

3. The outer surface is composed of quite 
smooth and large squamous cells. In succes- 
sive corneal layers from the deepest to the 
most superficial, the cells become increas- 
ingly flattened. The cells in the corneal epi- 
thelium are linked with one another by in- 
tercellular protoplasmic bridges known as 
“prickle” cells. The cells of Langerhans ap- 
pear between the corneal cells. These are 
wandering leukocytes that have migrated 
from the peripheral blood vessels and appear 
as irregular branched elements. 

Recently Teng and Katzin have made ex- 
tensive studies of the basement membrane 
of the corneal epithelium stating that it is 
a continuous membrane between the epithe- 
lial layer and Bowman’s membrane which 
extends to the limbus and beyond it to the 
bulbar conjunctiva. Anteriorly, it follows 
closely the curve of the posterior surface of 
the basal layers of the epithelium. Pos- 


_teriorly, it rests directly on Bowman’s mem- 


brane. The thickness varies with individuals 
and with pathologic change, and is approxi- 
mately one-third the thickness of Bowman’s 
membrane. 

Of course the corneal epithelium has tre- 
mendous powers of regeneration, and it may 
even slide a little bit on the basement mem- 
brane. This can be demonstrated by rubbing 
the eyelids and then looking at the cornea 
with the biomicroscope. Small defects or 
mild trauma to the cornea heal rapidly by a 
gliding and flattening motion of the adjacent 
cells. 

Mitoses begins in the basal layer of cells 


and may be found a considerable distance 


from the site of injury. In fact, mitoses may 
occur in this layer under normal conditions, 
that is, when the epithelium has not been 
injured. 

Recent experiments according to Cogan 
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in which butyl alcohol was found to be an 
effective loosening agent suggests that the 
substance holding the epithelium in place is 
a lipid, but there is also evidence that the 
epithelium-stroma cohesion is loosened by 
enzymatic inhibition (iodoacetate ; fluoride), 
suggesting that it is dependent on an en- 
ergetic process. Histamine also appears to be 
a specific epithelial loosening agent. Cellular 
cohesion is a highly complex system and its 
loss can be produced experimentally by pro- 
teolytic enzymes, but no appreciable effect 
occurs as a result of interference with re- 
spiratory processes in the cornea. 

The individual cells are presumed to ad- 
vance forward as they mature in the epi- 
thelium, and the most superficial layers be- 


come progressively eosinophilic (or less 


basophilic). Ultimately the cells are shed 
from the anterior surface, and occasionally 
one sees turgid nucleated cells on the surface 


of the cornea, suggesting that the individual: 


cells swell up just prior to desquamation. 


BOWMAN’S MEMBRANE 


Bowman’s membrane is a hyaline lamina 
clear and uniform, ranging between 8.0 and 


12 microns in thickness. It lies between the. 


epithelium and the stroma. proper and is 
analogous to other basement membranes. It 
is found only in primates. It is acellular, and 
its origin is not clearly evident, although it 
is commonly supposed to be derived from 
the most anterior portion of the stroma. Ex- 
cept for being somewhat less eosinophilic, 
its staining reactions are similar to those of 
the corneal stroma; it does not take the elas- 
tic tissue stain. It covers the entire cornea 
and ends abruptly in the conjunctival stroma. 
The function of Bowman’s membrane is 
open to speculation, but it seems most likely 
to assist in the maintenance of a generally 
smooth anterior surface of the cornea, and 
probably forms a partial barrier to the pene- 


ingly seen when tumors grow on the surface 
of the cornea and appear to be prevented 
from invading the cornea by the presence of 
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Bowman’s membrane. There are, however, 
perforations of Bowman’s membrane for the 
passage of nerves from the stroma into the 
epithelium, and these channels are also used 
by wandering cells which sometimes form 
clusters at the outer end of the canal, ac- 
counting perhaps for the punctate distribu- 
tion of superficial infiltrates in certain cor- © 
neal diseases. 

Bowman’s membrane does not regenerate 


when destroyed, although it is quite resistant 
to trauma and infection. It has many prop- 
erties similar to the corneal stroma. 
‘CORNEAL STROMA 


_- The corneal substantia propria comprises 


about 90 percent of the entire thickness of 
the cornea and is a transparent modified 
connective tissue structure, made up of 
lamellae and cells. It is replete with intercel- 
lular laminas and has a paucity of cells, and 
an absence of blood and lymph vessels. The 
laminas are compact, eosinophilic bands and 
number about 60; these consist of broad 
bands of fibrils 1.3 to 2.5 microns thick 


which traverse the entire ee of the cor- 


nea as meridional curves, parallel to the sur- 
face. 

Cogan has attempted to differentiate the 
fibers into a superficial layer forming an 
intérlacing network with a narrow, circular 
band at the periphery. The middle layer is 


composed of fibers radiating out fanwise in 


the direction of the four rectus muscles. The 


deepest layers form an interlacing network 
centrally but a broad circular band eccen- 
trically which extends to the limbus. Be- 
tween the lamellae, the corneal corpuscles | 
can be demonstrated. Cogan also states that 
there is no positive evidence, contrary to 
what one commonly reads, of a cement sub- 
stance holding the laminas together. In the 
anterior half of the cornea they are more 
compactly interdigitated than they are in the 


tration of cells into the cornea. This is strik- © posterior half of the cornea, offer greater — 


resistance to spread of India ink, and on 
rupturing are more apt to form fissural 
cracks. 
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Laterally the fibers of the cornea extend 
into those of the sclera without any abrupt 
transition such as one might expect if there 
were a histologic counterpart of the optical 
difference between the transparent cornea 
and the opaque sclera. In the usual well-pre- 
pared cross section of the cornea one gains 
the impression that all the laminas course 
parallel to the plane of the section, and this 
is true paradoxically whether the sections 
are cut horizontally or vertically. But when 
the cornea is slightly swollen, the laminas 
running in opposite direction may be seen 
in approximately alternate layers. 

The cells are compressed between the 
laminas and appear to be ordinary connec- 
tive tissue cells; but in horizontal prepara- 
tions they may be seen to be cells of a re- 


spectable size forming an extensive syncy- - 


tium between the laminas. In swollen cor- 
neas or in tissue cultures the cells may be 
seen to have spindle-shaped nuclei and abun- 


dant cytoplasmic processes identical with 


those of connective tissues elsewhere. These 
have spindle-shaped riuclei and abundant 
cytoplasmic processes, as is typical of con- 
nective tissue generally. These cells form 
and maintain the collagenous laminas and 
act as phagocytes. The nuclei of the corneal 
cells are round or elliptical in the newborn, 
but are irregular in the adult. Krawicz, quot- 
ing’ from Thomas, stated that these corneal 
cells are functionally similar to ‘the basic 
components of the reticulo-endothelial sys- 
tem. He studied their colloidopexic proper- 


__ ties by means of silver compounds. They 


correspond to prohistiocytes and have a dis- 
tinct storing property for silver. Ciotola also, 
according to Thomas, has performed experi- 
ments to indicate the presence of elements of 
the reticulo-endothelial system in the paren- 


chyma of the cornea. He found cellular ele-- 


ments that absorbed vital dyes during ionto- 
phoresis. 

Besides the fibroblasts the stroma also 
contains a number of lymphoid wandering 
cells which migrate from the blood vessels 


of the corneal limbus. When inflammation is 


present, the tissue is infiltrated with enor- 
mous numbers of heterophil leukocytes and 
lymphoid cells which penetrate between the 
lamellae and become arranged in_ typical 
fusiform rows. i 

Cogan in his ultramicroscopic structure 
analysis of the stroma states: 

“From examination of the individual stro- 
mal fibers with polarized light it is possible 
to say that the corneal fibers, like those of 
collagen elsewhere including the sclera, have 
a crystalline structure that is amenable to 
quantitative measurements, and the crystals 
are oriented parallel with the long axis of 
the fibers (positive uniaxial birefringence). 
Moreover, the Maltese cross that is pro- 
duced when the whole cornea is examined 
between crossed polarizers suggests that the 
fibers are arranged radially to the vertex of 
the cornea, This regularity of the micelles is 
said to enhance in some way the transpar- 
ency of the cornea in the sagittal direction. 
It thas also been suggested that the appear- 
ance of a cross may be attributable to the 
oblique incidence of the light falling on the 
anisotropic corneal lamellas. Stretching of 
the cornea results in an incidence in the bire- 
fringence, and it has been suggested, but 
without substantial proof, that this increase 


on stretching accounts for the opacification 


of the cornea.in glaucoma. In contrast to the 
stroma the epithelium shows, -very little bire- 


fringence except in its most superficial 
layers.” 


DESCEMET’S MEMBRANE 


Descemet’s membrane is the posterior | 


elastic lamina, a hyaline lamina, approxi- 


mately 10 microns thick. It lays between the — 


stroma and the endothelium. It is split up 


‘into many fine laminas at the periphery of 


the cornea to contribute to the scaffolding of 
the angle meshwork. It is readily separable 
from both the substantia propria and the 
endothelium, and is very resistant to inflam- 
matory processes and can be isolated by 
mascerating the cornea in acid or alkali. Un- 
like Bowman’s membrane, it readily reforms 
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after pathologic destruction ; and when it is - 


cut it gapes slightly and shows a tendency to 
roll up. It appears to be a homogeneous 


' structure taking acid stains, most elastic tis- 


_ sue stains, and some of the stains for neutral 
_ polysaccharides. It appears to be loosely at- 

tached to the stroma since it may be easily 
- separated by pus, blood, or often merely by 
_ the process of preparing the sections. _ 

Occasionally circular bands of hyaline ma- 
terial may be found coursing within Desce- 
met’s membrane at its peripheral extremities, 
comprising the line seen by gonioscopy and 
known as Schwalbe’s line. At the periphery 
it shows, in older eyes, excrescences known 
as Hassall-Henle warts. Cogan states that: 

“The distinctive properties of Descemet’s 
membrane are: (1) its property to ‘take’ 
elastic tissue stains; (2) the tendency for its 
cut edges to roll outward; (3) its impervi- 
ousness to invasion by blood vessels, cells, 
and other formed elements; and (4) its 
apparent resistance to pyolytic and autolytic 
processes in the body. 

The functions of Descemet’s membrane 
can be inferred from these properties. It is 
protection to the cornea from invasion of the 
inflammatory cells of the aqueous. The 
barrier that Descemet’s membrane forms to 
the invasion by blood vessels is strikingly 
seen in transplantation experiments where 
no blood vessels get into the cornea, at least 
through its posterior surface, so long as this 
membrane is present and intact.” 


ENDOTHELIUM 


The endothelium is a single layer of flat 
hexagonal cells 5.0 microns high and 18 to 
20 microns wide arranged along the inner 
surface of Descemet’s membrane, and hence 
forms the lining of the posterior surface of 
the cornea. The cells constituting the mem- 
brane form a mosaic of pentagonal units and 
are somewhat larger and have more abun- 
dant cytoplasm than do most endothelial 
cells, and this as well as their origins has 
given rise to the suggestion that they are not 

| true endothelial cells. Mitoses are also never 
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seen in the normal endothelium, and its 
method and rate of growth are wholly ob- 
scure. Two of the distinctive characteristics 
of the endothelium from a morphologic point 
_of view are (1) its marked fragility to 
mechanical injury and (2) its property of 
‘surrounding any objects with which it comes 
in contact. 
The capacity of the endothelium to sur- 
round objects may result in incorporation 
of foreign matter (pigment, ’ retrocorneal 
’membranes, or small calcific particles) much 
as a bee incorporates foreign particles in its 
hive, and thereby avoids any disturbance of 
fluid exchange. Mitoses are never seen in 
the normal endothelium, and it is felt ami- 
toses is a method of regeneration of corneal 
endothelium of the rabbit under normal con- 
ditions and that the mitotic cell division oc- 
curs under unusual circumtances only. 


LIMBUS 


Limbus is approximately one mm. wide, 
and includes the transition zone between the 
cornea and the conjunctiva, episclera and 
sclera, and it contains two layers, the epi- 
thelium and stroma. The structure of this 
region is different because Bowman’s mem- ___. 
brane stops short and Descemet’s membrane 
merges in the formation of the meshwork of 
the angle of the iris, by passing over the © 

-trabeculas at the chamber angle. Both an- 
atomically and physiologically in the limbus 
region, it has a close relationship to the cor- 
nea proper, because of its proximity and be- 
cause many physiologic and _ pathologic 
changes in the cornea are influenced by or 
dependent on the blood vessels, lymphatics 
or aqueous veins, and nerves, situated in the © 
limbus. | 

The cornea is devoid of blood vessels but 
the region of the limbus is plentifully sup- 
plied by the superficial and deep marginal 
plexus. The anterior ciliary arteries furnish 
branches to the sclera and also the anterior 
conjunctival arteries to the bulbar conjunc- 
tiva. These latter vessels anastomose with 
the posterior conjunctival arteries which are 
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branches of the medial palpebral vessels 
(small direct branch from the ophthalmic 
artery) and the lateral palpebral vessels 
(small branches from the lacrimal artery). 
These arteries form a rich anastomosis 
which ends in a series of arcades and give 
off fine branches to the extraordinarily deli- 
cate loop network at the margin of the cor- 
nea. These loops bend around to form ves- 
sels that lead into a delicate network similar 


to the arterial side of the arcades. These 


vascular loops may be very prominent and 
appear as concentric collaterals as described 
by Vail and Ascher. The aqueous veins are 
biomicroscopically visible pathways whose 
‘appearance simulates that of the blood ves- 
sels; they contain a clear colorless fluid or 
diluted blood, and are intercalated, probably 
via Schlemm’s canal, between intra-ocular 
fluid on one side, and conjunctival and sub- 
conjunctival veins on the other. Anatomic- 


ally, they are connected with, or form a 


part of the intrascleral mesh. 


CORNEAL NERVES 


Undoubtedly the corneal nerves are de- 
rived essentially from the ciliary nerves, 
branches of which enter the sclera from the 
perichoroidal space a short distance behind 
the limbus. At the. corneal margin they us- 
ually lose their myelin sheaths, and continue 
their course as transparent axis-cylinders, a 
few retaining them for some considerable dis- 
tance; they run in the anterior two-thirds of 
the cornea, dividing usually dichotomously, 
rarely trichotomously, and very occasionally 
in a T-formation. Sometimes they show a 
bulbous formation at the points of division, 
or at intervals along their course, according 
to Duke-Elder. Schlemm described the 
nerves as originating in the. ciliary nerves 
and consisting of both deep and superficial 
branches, terminating on the surface of the 
cornea. The ophthalmic branch of the trigem- 
inal nerve, which is chiefly a sensory nerve 
with its center the gasserian ganglion, pro- 
vides the corneal sensitivity through the cili- 
ary nerves. : 
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It is estimated that 60 to 80 nerve trunks 
penetrate the deep layers of the cornea, us- 
ually in the posterior two-thirds of this 
structure. After penetration they run a rad- 
ial course and branch, as stated above, dichot- 
omously or dichromously, the nerve trunks 
naturally diminishing in diameter as they 
progress in their course. The branching that 
takes place is usually at acute angles and 
at the bifurcation there is a web or dark- 
stained plate in most cases. There are also 
fine single nerve fibers that enter the cornea 
and follow the same course as the heavier. 
nerve trunks. Thomas states that this ¢om- 


_municating, interweaving and multilayered 
plexus of nerves is thought by.some to fol- 
low the lacunar system of the cornea, and 


was termed the fundamental plexus by Mar- 


tinez. 


Escapini stated that the corneal nerves | 
consist of three elements: (1);a sheath of | 
Schwann; (2) the myelin sheath, and (3) 
the axis cylinder. Most of the fibers lose | 
their myelin sheath about 0.5 millimeter — 
from the limbus, before the branching oc- 
curs. The nerve endings, of course, pene- 
trate Bowman’s membrane and enter the epi- 
thelium. There are two special types of fi- 
bers shown, shorter fibers provided with 
end-plates ramifying in the superficial lamel- 
lae and the epithelium of the limbus, and a 
second type which shows no anastomoses or 
end-bulbs, but which ends in the substantia 
propria by tapering toa point. This evidence 
points to the fact that these nerves are nerves 
of pain, according to Duke-Elder. 

Rexed and Rexed (1951) have shown | 
that: “In nerve regeneration usually the pro-. 


liferation of the Schwann cells bridges the Lo 
gap and leads the regenerating neurites in 


the right direction. In all other peripheral 
nerves the neurites invariably grow out into 
the mass of proliferated Schwann sheaths, 
the so-called Bungners bands. Bethe (1903) | 
considers that the Schwann cells form the 
new neurites, and Boeke (1935) considers 
them indispensable for the regeneration and 
growth of new neurites. The proliferation 


| 
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of Schwann cells is, however, an indepen- 
dent reaction which has an identical course 
even in the absence of axons (Rexed, 
1942).” 


CORNEAL TRANSPARENCY 


Quoting from Francis Heed Adler: “The 
normal cornea is transparent, and any 
change in this property seriously interferes 
with the clarity of the retinal image. The 
anatomical peculiarities of the corneal struc- 
ture, such as the uniformity and regularity 
in the arrangement of the epithelial cells, the 
closely packed corneal lamellae running al- 
most parallel to each other, the absence of 
blood vessels and other features, all con- 
tribute to the efficiency of the eye as an opti- 
cal instrument. Because the individual cor- 
neal cells are living and therefore are con- 
stantly undergoing change and suffering re- 
placement, the cornea cannot maintain an 
unvarying ‘in its transparency and 
optical properties.” — 

There are many theories offered to ex- 
plain the transparency of the cornea, the 
most recent and fruitful one was pro- 
founded by Maurice, a “lattice” 
which points out that in the cornea the small 


diameter, the regularity of the size and ar- . 


rangement of the ultramicroscopic fibrils are 
the essential features which make this tissue 
transparent. The spaced fibrils behave as an 
infinite number of diffraction gratings. Be- 


cause of their number and regularity of their» 


arrangement, the intensity of the maxima is 
reinforced by the diffracted light and rela- 
‘tively little is lost by scatter. 


The fibrils of the cornea have been shown 


to be very thin as compared to those which 
make up the sclera or even a corneal leu- 
koma. The diameters of the corneal fibers 
are not very variable, whereas those of the 
opaque sclera or of a leukoma are so, dem- 
onstrated by the study of Schwarz. Accord- 
ing to Maurice, for a tissue to be trans- 
parent, it is necessary that its fibrils be 
parallel, equal. in diameter, and have their 


theory 


corneal fibrils are fine, parallel and equal in 
diameter. 

The X-ray defraction patterns of the cor- 
nea presented by Maurice are evidence that 
the fibrils are disposed in a lattice, thus per- 
mitting transparency. It is also/ suggested 
that one function of the interstitial mucoid 
may be in maintaining the orderliness of 
their arrangement. When this orderliness is 
disturbed by swelling of the ground sub- 
stance, changes in the spatial arrangement of 
the fibrils occur with resultant clouding. This 
theory gives us a framework in which the 


‘mucoid and the regularity of the corneal 


structure can be related to its transparency 
(Smelser, 1958). 

‘Cogan adds a thought that derhaps some 
of the transparency has been ascribed to the 
presence of the polysaccharide that is pres- 
ent abundantly in the cornea. _ 


PHYSIOLOGY: 
TURGESCENCE AND! TRANSPARENCY 


- Cogan states that there is no tissue of the 
body, with the possible exception of Whar- 
ton’s jelly in the fetus, which when removed 
and placed in an aqueous solution has the 
capacity to swell as does corneal tissue. The 
magnitude of this swelling amounts to $ev- 
eral hundred per cent its normal state and is 
effectively independent of any variations in 


tonicity or hydrogen-ion concentration that 


might be expected to occur physiologically. 
Moreover, it swells in those fluids with which 
it can reasonably be expected to be in con- 
tact normally, that is, aqueous humor and 
blood plasma, quite as well as it does in 
solutions of electrolytes. By contrast, the 
fresh sclera shows practically no swelling 
when placed in similar solutions. _ 

The reason for this excessive water-bind- 
ing capacity of the cornea in comparison 


with that of the sclera is apparently the 
specific polysaccharide in the cornea, for .- 


when this is removed by prior treatment 


with alkali, the cornea shows little capacity — 
to take up water over and above the amount. 


which it contains normally. 


= 


isposed ina lattice. We know that the 
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CHEMISTRY OF CORNEA 
The cornea and sclera from a chemical 


| constitution standpoint are very similar. Ad- 


ler states: 


PROTEIN 
The most striking component of each is the pro- 


~. tein content which consists largely of five different 
- proteins: namely, mucoid, collagen, elastin, albumin, 


and globulin. Collagen, which breaks down into 
gelatin on boiling, is present in greatest concentra- 
tion in the cornea. It is one of the factors involved 
in wound healing, and a delay in its formation has 
been demonstrated in vitamin-C deficiency. Mucoid, 
which is rich in carbohydrate, was isolated from the 
cornea many years ago by Moerner and later by 


Karlberg. These authors believed that mucoid con- 
tained no sulfate radical. It. remained for Meyer 


and Chaffee to determine the chemical nature of 
mucoid. They concluded that it is a natural mono- 
sulfuric acid ester of hyaluronic acid, The failure 
of previous authors to identify it as a sulfuric acid 
ester was due to their method of extraction. It is 
not identical with heparin, since this substance is 
hydrolyzed .by an enzyme called hyaluronidase, 
whereas heparin cannot be hydrolyzed. | 

The structure of the collagen which consists 
principally of long polypeptide chains, from differ- 
ent tissues, has been studied by means of roentgen 
ray diffraction patterns, which have brought out 
certain differences between collagen and gelatin. 
Also in the cornea there are mucoprotein, elastin, 
albumin and globulin found, and amino acids have 
been isolated by Jess, histidine, arginine, and lysine. 

There is a striking difference in the nucleopro- 
tein content of the epithelium and the stroma. Nu- 
cleoprotein is found in high concentration in the 
epithelium due to the higher concentration of cells 
in the epithelium, compared to that in the stroma. 


One of the major chemical differences between 
the corneal stroma and the epithelium is their lipid 
content, which is about a hundred times greater in 


the epithelium than in the stroma. The cholesterol 


content increases with age and accounts for the in- 
cidence of arcus senilis in old people. The lipid 
content of the epithelium probably accounts for the 
preferential permeability of the epithelium to fat 
soluble substances. 


OTHER ORGANIC SUBSTANCES 
Both glutathione and ascorbic acid are present 


‘in the normal cornea. Henkes found 16 mg. percent 


glutathione and 24.1 mg. percent ascorbic acid in the 
cornea. The greatest concentration of ascorbic acid 
is in the epithelium. The concentration in the 
stroma is about that of the aqueous humor. Ascor- 
bic acid is present as is riboflavin. : 


INORGANIC CONSTITUENTS 
Iron, copper, zinc and manganese. Christensen 
states: 


“The bulk of the cornea is composed of con- 
nective tissue which consists of two _ principal 
factors, a protein collagen and ground substance. 
The stromal lamellae are collagen and, in turn, are 
bound by ground substance. The ground substance 
is a gel supported by fibrillar or lamellar fabric 
consisting of proteins, mucopolysaccharides, and 
probably mucoids or glycoproteins. At the present 
time most investigations have been concerned. with 
the mucopolysaccharides, which contain at least 
three known fractions, chondroitin, chondroitin sul- 
phate, and keratosulphate. This latter term was 
coined by Meyer to designate the mucopolysaccha- 
ride peculiar to the cornea. Chondroitin has many 
properties similar to hyaluronic acid. The muco- 
polysaccharide concentration in the cornea differs 
from that of the sclera as well as from the connec- 
tive tissue of most other systems. In studies of 
radioactive sulphur uptake and elimination between 
corneal stroma and that of the sclera, the corneal 
uptake and elimination is slower. One explanation 
attributes this to the increased concentration of 
keratosulphate in the cornea. At least four soluble 
corneal protein fractions have been found by elec- 
trophoretic studies in the corneal epithelium. Desce- 
met’s membrane is a collagen tissue that differs 
from corneal stroma in morphology, swelling char- 
acteristics, solubility in acid, and in the type of poly- 
saccharides.” 


CARBOHYDRATE AND PROTEIN COMPLEXES 


Combinations of protein and carbohydrate 
form complexes, divided into glycoproteins 
and mucopolysaccharides. The glycoprotein 
are found in (1) blood group antigens, (2) 
complement and (3) the gonadotrophic hor- 
mone of pregnancy. The mucopolysaccha- 
rides contain hexosamines loosely joined to 
protein. The two most important mucopoly- 
saccharides in the body are hyaluronic acid 
and. chondroitin-sulfuric acid. The ground 
substance of connective tissue is rich in 
mucopolysaccharides. The complex is also 
found in the mucoid material of the umbili- 
cal cord (Wharton’s jelly), the matrix of 
cartilage and the vitreous humor of the eye. 
Heparin is also a mucopolysaccharide, as is 
the cement substance between cells. Muco- 
polysaccharides can be hydrolized by en- 
zymes such as the hyaluronidases with a 
resultant loss of tissue integrity leadipg to 
the potentiality of spread of infection and 
tumor. Mucopolysaccharides are also found 
in the mucinous and mucoid secretions of 
epithelial and mesenchymal cells. The epi- 
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thelial mucopolysaccharides, called mucin, 
may have pathologic processes which affect 
these tissues and may be accompanied by 
the elaboration of excessive amounts of 
mucin (Robbins, 1957). 

It is interesting to know that thé anterior 
pituitary is consistently involved in the con- 
dition of gargoylism (or Hurler’s disease) 
which, on chemical investigation, is now 
interpreted as a generalized metabolic dis- 
turbance in which the cells of many tissues 
and organs retain large amounts of muco- 
polysaccharide (Anderson, 1957). | 


METABOLISM OF CORNEA 


Inasmuch as the eye is closed during .the 
night and open during the day oxygen which 
might be obtained during exposure is cer- 
tainly excluded at night and must therefore 
be obtained through the limbal capillaries 
and from the, let us say, aqueous humor. 
Adler states: “It must also be able to derive 
its metabolites by diffusional processes from 
the limbal capillaries, the aqueous humor and 
the tears.” The relative contribution of these 
three sources is not known. Robbie, Lein- 
felder, and Duane have also pointed out that 


most of the O, consumption by the cornea 


is due to the epithelium. 


CORNEAL PERMEABILITY AND NUTRITION 


Cogan states, “The corneal stroma (in- 
cluding Descemet’s membrane) is freely 
permeable to aqueous solutes and shows no 


significant resistance to the passage of an 


electric current over that of an equal thick- 
ness of physiologic sodium chloride solu- 
tion.” 

Permeability of the corneal epithelium is 
influenced by the action of nerves as is evi- 
denced by the edema present in the cornea 
in neurotrophic disturbances, according to 
Thomas. Loewenstein has shown that certain 
chemicals will go into the eye but will not 
come out. After irritation of the trigeminal 
nerve, the amount of water in the epithelial 
cells is increased and after section of the tri- 
geminal nerve, the epithelium becomes edem- 
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atous and islands of cells were desquamated. 


leaving pits in the corneal surface. 


Cogan found that the various substances 
tested could be classified as: ‘‘(1) those 
which pass through the stroma much more 
easily than through the epithelium and 
stroma; (2) those which pass through the 
stroma and the epithelium-stroma about 
equally, and (3) those which do not pass > 
through either. It was observed that some 
substances capable of penetrating the epi- 
thelium-stroma combination are of larger 
molecular size than many nonpenetrating 
substances. Conversely, the permeability of 
the isolated stroma apparently is dependent 
on molecular size. The epithelium retains 
electrolytes and also many nonelectrolytes, 
and there is no exchange of ions when dif- 
ferent salts are present on each side of the 
cornea. The permeability of the cornea de- 
pends also on differential solubilities. Sub- 
stances which characteristically pass through 
the stroma but not through the gpithelium 
are usually insoluble in fats. Those which 
pass equally through the stroma and the epi- 


thelium and stroma are generally soluble in 


both water and fat. Those which do not pass 


‘through either layer have large molecules — 


(e.g., proteins) or are insoluble in water.” 

In this connection the cornea receives its 
nourishment by a process of simple diffusion 
of the intraocular fluid from the periphery. 
It will be remembered that this fluid dialyses 
from all the blood vessels in the eye ; and the 
evidence points to the fact that diffusion may 
take place directly from the vascular plexus 
around the limbus or indirectly from the 
fluid in the anterior chamber. The metabo- 
lism of the cornea is extremely slow and it 
appears that sufficient nourishment can be 
obtained if one or other of these two routes 
is utilized (Duke-Elder). 


HEALING PROCESSES 


Smelser states: 


Ground substance is present in all connective 
tissues. It is related anatomically to the fibers, but 
by an unknown means. During the past 20 years 


| 


the chemistry of connective tissue ground sub- 
stance has made great strides, primarily through the 
research of Karl Meyer and his associates, who 
have demonstrated the presence of three acid muco- 
polysaccharides (keratosulfate, chondroitin sulfate 
A, and chondroitin), as major constituents in the 


‘cornéa. Because the chemistry. of these compounds 


has been well studied, their metabolism is begin- 
ning to be understood. They are far from inert, but 
are rather in a state of constant “tufn-over.” For 
example, 50 percent of the hyaluronic acid in rabbit 
skin is destroyed and re-formed every 3.7 days. 
The sulfated mucopolysaccharides of skin have a 
longer half-life—50 being “turned-over” 
every 7.7 days. 

The cornea contains an unique kerato- 
sulfate in addition to chondroitin sulfate A and 
chondroitin, and the “turn-over” time of the sul- 
fated corneal-mucopolysaccharides is much longer 
than the equivalent periods for other tissues. Ap- 
parently, 50 percent of the sulfated materials in the 
cornea are replaced once in approximately 32 days. 
This figure may be exaggerated due to the possi- 
bility that freed sulfate radicals may not diffuse out 
of the cornea before they are re-synthesized into a 
new molecule of some sulfated mucopolysaccharides, 
thus introducing an error in the calculation of the 
turn-over rate. The marked difference in the turn- 
over rate of sulfated mucopolysaccharides of the 
cornea and other connective tissues has been dem- 
onstrated. 

Radioautographs were ieniied of the cornea, 
sclera and an artery of rabbits which had received 
isotopically labelled sodium sulfate 1, 6, 12 and 24 
days prior to autopsy. All three tissues incorporated 
considerable amounts of radioactive sulfate, but in 
cases of sclera and artery the sulfated material was 
rapidly replaced so that by 24 days almost all of the 
sulfate contained in them had been supplanted 
by new non-radioactive material. The cornea, how- 
ever, retained a large proportion of the radioactive 
sulfate even after 24 days. 

The slow turn-over rate of a fundamental cor- 
neal constituent allows an old problem to be at- 
tacked: the question of replacement of corneal 
grafts. We still do not know if a corneal graft re- 
tains its donor identity or is slowly replaced by the 
host. This question which was so real when pro- 
pounded originally, has lost of its significance, 
for today ‘we do not regard any tissue as absolutely 
static and unchanging. The normal cornea is al- 
ways being renewed, although at a slow rate. Dohl- 
man has labelled donor corneas with radioactive 
sulfate which was incorporated as a part of the 
corneal ground substance. Such corneas were used 
as transplant donors. He was able to show that ex- 
cept for an initial partial replacement of the sul- 
fated compounds in the graft, the bulk of the origi- 
nal sulfated mucopolysaccharide of the transplant 
remained, indiciating that this component of the 
original donor tissue persists in the transplant, 

_, These constituents of the ground substance are 
relatively easily removed from the fibers without 
recourse to drastic chemical treatment, since the 


forces linking collagen fibers and acid mucopoly- 
saccharides are weak. Mucopolysaccharides are 
clearly related to fiber formation, both in embyronic 
development of the cornea and in the healing of its 
wounds, but the significance of this relationship has 
not yet been elucidated. They increase in amount 
when fibers form, and have been implicated as a 
necessary factor in the production of collagen fibers 
in vitro, but there is, as yet, no conclusive evidence 
that the presence of these materials is necessary for 
fibrillogenesis in vivo. 


The quantity and location of the sulfated muco- © 


polysaccharides, keratosulfate, and chondroitin sul- 
fate, can be determined in tissues by radioauto- 
graphic techniques. Sulfated materials appear very 
early in a healing wound, and their rate of syn- 
thesis is and remains high for a long time in the 
areas of the regenérating connective tissue. While 
the healing process involves the formation of sul- 
— mucopolysaccharides, the preceding injury, 

, the surgical incision, causes some reduction in 
an ground substance in the adjacent tissue. For 
this reason, at the initiation of the healing process 
there is probably a deficit in ground substance ma- 
terials in the cornea surrounding the wound. This 
can be seen by examining sections of an early cor- 
neal wound stained with toluidine blue. The ground 
substance constituents stain metachromatically with 
this dye and one can see that metachromasia is re- 


duced in the tissue near a cut. Of course, this area _ 


is also subject to swelling which of itself would 
weaken the intensity of the staining reaction. 
However, the change appears to be of a magnitude 
too great to be explained by swelling alone, thus 
indicating a reduction in the absolute amount of 
ground substance. 


FIBROBLASTS 


These probably arise from cells already 
present in connective tissue, that is, from 
connective tissue cells. These cells enlarge 
and migrate from surviving tissue into the 
defect, especially if blood is present, where 
they have been preceded by polymorphonu- 
clears and monocytes. As fibroblasts. move 
into the area they appear bipolar, but later 
they put out processes in various directions, 


_and these processes fuse with those of neigh- 


boring fibroblasts. Mucopolysaccharides are 
laid between the cells and combine with a pro- 


tein secretion of the fibroblasts to form col- 


lagen fibers. These lie extracellularly in paral- 
lel rows, between which are found the now 
shrunken cells ; they become mature connec- 
tive tissue cells, and lie dormant until stimu- 
lated to renewed activity. The fibers laid 


down in this way form sheets of collagen, 


j 
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and several such sheets may be formed one 


on another. The direction in which the fibers 


of each sheet are oriented is determined by 
the tensions to which they are subjected. 
After fixation and staining, fibroblasts, as 
compared with monocytes, have a less sharp 
and clear outline. In the nucleus, the chroma- 
tin is concentrated along the nuclear mem- 
brane and in one or two nucleoli. Whereas 
the macrophage in inflammatory tissue com- 
monly contains phagocytized cells and de- 
bris, the fibroblast is generally not phago- 
cytic (Anderson, 1957). 


ENDOTHELIUM 


_ While fibroblasts are migrating, changes 
appear in the capillaries at the edge of the 
wound if this is near the limbus. Here the 
endothelial cells swell and divide, thus form- 
ing a bud that projects from the capillary 
and then begins to migrate. The path of mi- 
gration is not, however, a straight line, such 
as is followed by fibroblasts, but rather an 
are of a circle. Following this curving path, 
the endothelial cells meet other similar cells 
also traveling in an arc (now this is not 
the endothelium of the cornea but endothelial 
cells in and around blood vessels at the lim- 
bus), and the two fuse, forming a loop that 
is attached to capillaries at both ends. Gran- 
ulation tissue eventually forms consisting of 
(1) newly formed capillary loops, (2) fibro- 
blasts, (3) leukocytes. And, as you know, 
this tissue bleeds freely, is insensitive, lack- 
ing nerves, and is resistant to infection, be- 
cause it contains many mononuclear phago- 


cytes (Anderson, 1957). 


EPITHELIUM 


The cells of the epithelial type are firmly 
attached to each other and on the epithelium 
of the skin they migrate as sheets of cells in 
contrast to fibroblasts which migrate separ- 
_ ately. The mechanism of the locomotion of 
this epithelial sheet appears to depend on 
ameboid motion of its constituent cells. In 
order to migrate, epithelium requires a sub- 
stratum of mesenchyme and if the mesen- 
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chyme remains intact the epithelinen may be- 
gin to migrate at once. Thus in wounds of 
the cornea limited to the epithelial layer, 
these cells move in from the sides and may — 
close the defect in as short a time as six. 
hours. Closure here is accomplished’ solely 
by cell migration ; cell division plays no part. 


The same is true of closure of small wounds 


of the skin (Anderson, 1957 ). 


CELL DIVISION 


Cell division aids migration in replacing 
epithelium lost in extensive wounds. Of 
course, even in normal epithelium, mitosis oc- 
curs, as old cells must continually be re- 
placed by new ones. After a wound, mitosis 
appears at first to be depressed and in the 


initial stage of migration there may .be no 


cell division. Later, especially in larger 
wounds, mitoses become abundant. In ex- 
perimental wounds they have been! observed 
to be twice as numerous as in resting skin. 
Also, cell division may continue after migra- 
tion has ceased with the closure of the 
wound, until all the cells have been replaced. 


REPLACEMENT OF LOST CELLS AND TISSUES | 


Replacement of lost cells and tissues is ac- 
complished by two processes, cell migration 
and cell proliferation. In wounds of the skin, — 


the cells chiefly concerned are fibroblasts, 


vascular endothelium, and epithelium. These 
types of cell have the property, on appro- 
priate stimulation, of swelling and reassum- 
ing their embryonal appearance; they be- 
come actively motile ' and undergo mitotic 


FACTORS HEALING 


Extensive studies have been niade on the 
influence of various drugs on corneal heal- 
ing. Quoting from a personal communication 
from Irving Leopold in Philadelphia: 

“There are certain drugs which may have 
some influence on wound healing. Many 
agents will interfere with wound healing. 
These include antibiotics, local anesthetics 
and steroids. There are many agents which 


probably interfere but haven't .been tested. 
Almost any ointment vehicle will interfere 
with corneal regeneration and, to some ex- 
tent, with stromal proliferation. I know of 
no agents which, in our hands, have been 
known to speed up on healing although there 
are references in the literature on the use of 
Chlorophyll for this purpose as well as cer- 
tain of the amino acids.”’ 

During the past six or eight years some 
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change has taken place in the effect of Cor- 


tisone on wound healing. Originally it was 
condemned vigorously, but more recently ex- 
cept in types of herpetic lesions Cortisone or 
steroids have been given a better bill of 
health from a retardation factor in corneal 
healing. i 

All types of local anesthetics have a re- 
tarding effect on corneal healing and must be 
vigorously condemned. This condemnation 
as portrayed by some of the slides which are 
presented carries over into the field of cor- 
neal healing not only from a surgical stand- 
point, traumatic injuries to the cornea, but 
infectious processes of the cornea by various 
disease processes. Adler has pointed out that 
some of this may, be caused by their deter- 
gent action. Some of the anesthetics com- 
monly used are good wetting agents. Strong 
detergents cause an inhibition of epitheliza- 
tion and if the anesthetic drugs are incor- 
porated in ointments in which their deter- 
gent action is reduced they fail to delay 
some migration at the same extent as in 
aqueous solutions. 

In studying the effect of various local 
antiseptics on the regeneration of corneal 
epithelium in rabbits, Bellows used mild 


silver protein (10 percent); zinc sulfate ' 


-(0.5 percent) ; Zephiran chloride (1:3000) ; 
acriflavine (1:000); metaphen (1:2500); 
-merthiolate (1:2500); oxycyanide of mer- 


cury (1:5000); and various sulfonamides 


and penicillin. All these drugs had a consider- 
able delaying effect on the healing of the cor- 
neal epithelium, in rabbits. Bellows concluded 
that the aqueous solutions of sodium sul- 
fathiazole or ‘penicillin caused the least trau- 
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matizing effect (Thomas, 1955). One of the 
greatest inhibitors is cocaine. 

Friedenwald, Buschke and Moses made a 
study concerning the vitamin-A deficiency | 
on the healing of corneal wounds, in their 
experiments these authors attempted to dif- - 
ferentiate between mitotic activity, non- 
mitotic cell movement and the beneficial ef-— 
fects of vitamin A on secondary infection, 
in their efforts to explain the differences of 
opinion regarding the effects of vitamin A 
that had previously been expressed by some | 
authors. In experiments on rats it is found » 
that there is a’ profound, though variable, | 
inhibition of mitotic activity in the corneal — 
epithelium in the presence of vitamin-A de- 
ficiency. | 

There is some discrepancy with reference 
to the findings concerning the various anti- 
biotics streptomycin, chloramphenicol, aureo- 
mycin, terramycin, achromycin, penicillin, 
and so forth, on healing. It is our opinion 
that all of these decrease and deter the heal- 
ing of the cornea. It has been found that 
anesthetics incorporated in an ointment 
cause less delay than when they are in an 
aqueous solution, but the reverse is true in 
the case of antibiotics; for the antibiotic in 


an aqueous solution does not seem to inhibit 


the healing process as much as when incor- 
porated in an ointment. 

Herrmann and his associates have found 
that there are certain substances which cause 
loosening of the epithelium; these included 
detergents, such as butyl alcohol, enzymes, 
certain metabolic poisons, local anesthetics, 
freezing and mustard gas. Loosening of the 
corneal epithelium was also caused by hista- 
mine. Inorganic salts and a wide variation 
in pH had little effect on the adhesion of the 
corneal layers. The effect of detergent sub- 
stances suggests that the cohesive boundary 
includes a lipid component, and the action of 
enzymes indicates a protein component also. 


FACTORS STIMULATING CORNEAL HEALING 


Low dosages of radiation from an unfil- 
tered quartz mercury arc stimulated mitotic 


, 
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activity, but larger doses seemed to inhibit 
it, according to the work of Buschke, Frie- 
denwald and Moses. 

Schaeffer studied the ‘effect of certain 
amino acids on the healing of experimental 
corneal wounds using a mixture containing 
cystine, proline, asparagin and glutamine; 
the pH of the preparation was 7.2. Complete 
regeneration of the corneal defect in the eyes 
treated with the amino acids occurred within 
12 to 42 hours; in control eyes, healing was 
not complete for 55 to 120 hours. deBer- 
ardinis and Bonavolonta (1951) tested 
various individual amino acids as to their 
effect on the healing of corneal wounds. 
They found that arginine, histidine and cys- 
teine applied locally increased the rate of re- 
pair of superficial and deep corneal wounds 
in the rabbit. Asparagin, phenylalanine, glu- 
tamine, tryptophan and proline were less 
effective in promoting healing. These au- 
thors observed that the respiratory rate of 
the cornea increased in the presence of cys- 
teine, histidine, arginine, asparagin and 
phenylalamine. Hence they concluded that 
the healing action of amino acids very prob- 
ably depends on their effect on the oxidative 
processes. 

D’Ermo studied the effect of para-tetinn- 
benzoic acid (vitamin H) on experimental 
wounds of the cornea in rabbits. He showed 
that there was considerable increase of pro- 


liferative activity in the corneal parenchyma - 


after six or seven days of treatment. From 
the second to the fourth day, the prolifera- 
tive activity of the epithelium and of the 
parenchyma was nearly the same as that of 
the controls. 

It has also been shown that the repair of 
collagenous tissues is dependent on an ade- 
quate supply of ascorbic acid. Deep corneal 
ulcers in patients were also shown: to heal 
more rapidly under similar conditions with 


ascorbic acid, but no difference was observed 
in the healing of superficial lesions of the 
cornea in patients treated with vitamin C. 
We concur with the report of Newell con- 
cerning the stimulation of corneal epitheliza- 
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tion in experimental animals by topical ap- 
plication of erythrocytes. We believe that 
they contain a large amount of adrenosine 
triphosphate which may furnish the high- 
energy phosphate bonds necessary for in- 
creased corneal metabolism which accom- 
panies accelerated healing. ,The potassium 
ion in the red cell could catalyze such a reac- 
tion and perhaps other catalysts also are 


‘present to aid in the stimulation of corneal 
metabolism. We have personally used laking 


of blood in the eye to stimulate corneal epi- 
thelization. | 
- At the present time we have under investi- 
gation the following: 

1. Chymar (chymotrypsin) to be used 
both systemically and topically; the latter 
will be done first on animal experimentation 
and then subsequently on human eyes if 
there is no untoward reaction. 

2. Streptokinase-streptodornase (Vari- 
dase) which is a purified and concentrated | 
combination of enzymes and which acts indi- 
rectly by activating the normal fibrinolytic 
enzyme in human serum that acts upon a 
substrate of fibrin or fibrinogen. This will. 
be carried on in conjunction with the chy- 
motrypsin investigation. We anticipate using 
this subconjunctivally to ascertain its effect - 
upon corneal healing. | 

3. Continued laking of whole blood in the 
conjunctival sac and covering the cornea; 
the effect of injecting whole blood subcon- 
junctivally. In conjunction with this plasma 

lso should nierit consideration. 

| 4. Lid suturing, which has been utifieed 
in corneas which have failed to epithelize 
following chemical and heat burns of various 
types. The question arises regarding the lack 
of oxygen in such cases, and if the lids are 
sutured in one involved eye should both eyes 
be bandaged for a period of days or weeks? 
So far we have not. tried this i in animal ‘ex- 
perimentation. 

5. Oxygen, which should be discussed 
with any type of corneal healing. Here again | 
we are confronted with a problem regarding 
bandaging of eyes in the process of both 
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intentional surgical procedures (keratoplasty, 
cataract surgery, and so forth) and acci- 
dental trauma, infections and burns. Perhaps 
we have decelerated corneal healing in these 
cases by too much bandaging. It is quite 
possible that we should attempt to accelerate 
healing by more oxygenation. 

_ 6. Too little investigation, so far as we 


are able to ascertain, has been done on the 
various types of estrogens and gonadotrophic¢ 
preparations. What effect these would have 
given both systemically and topically is an 
unsolved problem; it merits definite critical 
investigation, as do some of the other phases 
of investigation mentioned herein. _ 
521 Rood Avenue. 
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- THERAPEUTIC STUDIES IN EXPERIMENTAL CHEMICAL 
INJURY OF THE CORNEA* 


III. CorRTICOSTEROID STUDIES 


Gustav C., M.D., Eart Sonnter, M.D., anp James H. ALLEN, M.D. 


New Orleans, 


The aol stage in the genesis of corneal 
chemical injury is that of repair, or the re- 
moval of necrotic tissue and toxic products, 
and their replacement by viable cells. This 
is accomplished by inflammatory cell infil- 
tration, neovascularization, and finally cic- 
atrization. Unfortunately, these processes so 
alter the structure of the cornea as to cir- 
cumvent its primary function of regularly 
transmitting and refracting light. Healing, 
in the usual sense, with scarring therefore 
is not entirely beneficial, from the stand- 


point of visual function. Ideally, a corneal — 


injury should be induced to heal without 
' derangement of the corneal lamellas, without 
cicatrization, and without vascularization. 
Unless this is accomplished, corneal opaci- 
fication results, and visual function is im- 
paired. 
Theoretically, removal of the influence of 
necrotic tissue upon phagocytic elements, 
that is, the elimination of inflammatory cell 
response, should reduce the final amount of 
scarring, because this occurs following lam- 
ellar separation by fluid and inflammatory 
cells. The anti-inflammatory properties of 
the corticosteroid drugs have been widely 
recognized, and. employed in intraocular in- 
flammatory processes as well as elsewhere 
in the body. Since surface burns of the eye 
are so readily amenable to topical medica- 
tion, and since corticosteroids are readily 
available for topical ophthalmic use, this 
series of experiments was designed to evalu- 
ate the anti-inflammatory properties of corti- 
sone, hydrocortisone, and prednisolone, when 
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applied to chemically induced lesions of the 
rat cornea. 

The experimental procedure followed was 
essentially the same as previously reported 
in the Calsulfhydryl and Neutralize studies. 
Albino rats of the Wistar strain, weighing 


_ about 100 grams were chosen as the experi- 


mental animal because previous studies have 
indicated that their corneas are easily sub- 
ject to slitlamp examination, and because 
they respond in very much the same way to 
injury as do other larger, less readily avail- 
able experimental animals. Burns with re- 
presentative mineral acids and alkalis were 
produced with the splash technique, as pre- 
viously described. The course followed by 
the burned corneas was evaluated biomi- 
croscopically at regular: intervals, until the 


healing processes had become static. Statisti- _ 


cal evaluation of the data, as recorded ac- 


cording to our modification of the Frieden- — 


wald scheme, included comparison of aver- 


age “scores” for treated and untreated eyes, | 


application of the Fisher “‘t” test, and deter- 


. mination of significance probability. 


‘The exp¢rimental results were as follows: 


EXPERIMENT I 


Both’ eyes of 15 albino rats were burned 


with normal sodium hydroxide, one drop in 


each eye every three seconds for one minute. 
Both eyes were then irrigated with distilled 
water for one minute and 0.05 cc. Cortef 
acetate (1.5 percent) was injected subcon- 
junctivally into the right eyes.. The left eyes 
were followed as controls. Both eyes were 
then examined at 24-hour intervals with the 
slitlamp. The results are summarized in 
Table 1. 

Conclusions. SuSconjunctival injection of 
Cortef acetate did not significantly alter the 
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TABLE 1 


COMPARISON OF “‘CORTEF ACETATE’ ’ (SUBCONJUNCTIVALLY) TREATED RIGHT EYE WITH UNTREATED 
LEFT EYE FOLLOWING STANDARD BURN OF EACH EYE WITH 1N NaOH 


Hours after Average Score Average Score Average ‘ ee 
Injury Treated Eye Control Eye Difference | 
24 23.800 23.266 —0.534 0.888 0.40 
48 24.200 23 .000 —1.200 en 0.01 
72 22.666 22 .800 +0.134 0.31 0.80 
96 21.866 22 .066 +0 .200 0.566 0.60 
120 24.467 27.867 +3 .400 4.082 0.001 
168 28 .333 28 .466 +0 .133 0.263 0.80 
216 27 .800 28.133 +0 .333 0.750 0.50 


course of 1N sodium hydroxide induced 
corneal burns, as compared with similarly 
burned, untreated eyes. The degree of scar- 
ring and vascularization was essentially the 
same in the treated and control eyes. 


EXPERIMENT [I 


Both eyes of 15 albino rats were burned 
with 2N nitric acid as in the first experi- 
ment, for one minute. Both eyes were then 
irrigated with distilled water for one minute 
and 0.05 ce. of 1.5-percent Cortef acetate sus- 


pension was injected subconjunctivally into— 
the right eyes. The left eyes served as con- | 


trols. The results of this expaceniemt are 
shown in Table 2. 


Conclusions. Subconjunctival injection of . 


Cortef acetate suspension did not signifi- 
cantly alter the course of 2N nitric acid 
burns of the rat corneas. Final scarring and 
vascularization were present to the same 
extent in the treated and untreated eyes. 


EXPERIMENT III 


Both eyes of 15 albino rats were burned 
with 2N nitric acid for one minute, and were 


then irrigated’ with distilled water for one 
minute. One drop of Cortef acetate suspen- 
sion was instilled into the right eyes of the 
animals three times daily until no further 
healing changes could be noted. The left eyes 
were followed as controls. The treated data 
is presented in Table 3. 

Conclusions. Topical instillation of 1 s -per- 
cent Cortef acetate suspension resulted in 
slightly more rapid healing of nitric acid 
induced corneal burns, although statistically, 
the difference between treated and untreated 
eyes was not significant. 


- EXPERIMENT IV 


One drop of 1N sodium hydroxide solu- 
tion was instilled into each eye of 15 albino 
rats every three seconds for one minute, 
thereby producing a standard burn. Both— 
eyes were then irrigated for two minutes 


‘with distilled water. Cortef acetate suspen- 


sion was instilled into the right eyes three 
times daily until no further change could be 
noted. Table 4 depicts the results of this 


experiment. 


Conclusions. Topical instillation of Cortef 


. TABLE 2 
COMPARISON OF “CORTEF ACETATE” TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 


STANDARD BURN OF EACH EYE WITH 2N HNO, 


Hours after Average Score Average Score Average t P 
Injury Treated Eye Control Eye Difference 
24 19.800 20.333 40.533 1.166 0.30 
48 22.200 22.333 +0 .133 0.306 0.80 
72 21.113 21.200 +0 .087 0.207 0.80 
96 20.466 20.733 +0.267 0.727 0.50 
120 24.467 24.467 0.000 0.000 1.00 
168 26.733 25.200 — 1.533 1.500 0.20 
216 26.133 25.667 | —0.466 0.439 * 0.70 
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TABLE 3 


COMPARISON OF “‘CORTEF ACETATE” (TOPICAL) TREATED RIGHT EYE WITH UNTREATED LEFT EYE 
FOLLOWING STANDARD BURN OF EACH EYE WITH 2N HNO, 


Hours after 
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Average Score Average Score Average 

Injury Treated Eye Control Eye Difference : 4 P 
24 16.400 18.000 +1.600 2.003 0.02 
48 16.667 19.600 +2 .933 6.240 0.001 
72 16.467 : 19 .667 +3.200 3.828 0.01 
96 15.467 18.533 +3.762 3.762 0.01 
144 12.333 14.867 +2.534 1.721 0.10 
192 11.467 15.000 +3.533 2.003 0.05 
240 , 11.733 15.600 +3.867 2.388 0.05 

TABLE 4 


COMPARISON OF ““CORTEF ACETATE” (TOPICAL) TREATED RIGHT EYE WITH UNTREATED LEFT EYE | 
FOLLOWING STANDARD BURN OF EACH EYE WITH IN. NaOH . 


Hours after Average Score Average Score Average 

Injury Treated Eye Control Eye Difference ae 

a 20 .066 21.200 +1.134 1.877 0.10 
48 20 . 866 22.266 1.400 2.997 0.01 
72 21.400 22.600 +1.200) 2.992 0.01 
96 20.733 21.933 +1.200 3.045 0.01 
144 21.333 23.533 +2.200 5.188 0.001 
192 24.600 26 .066: +1 .490 3.490 0.01 

240 23.866 25.133 +1 .267 2.953 0.02 

TABLE 5 


COMPARISON OF ‘‘NEO-CORTEF”’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 
STANDARD BURN OF EACH EYE WITH 2N HNO, 


Hours after ‘Aveta: Score Average Score 


Average 
Injury Treated Eye Control Eye _ Difference 
24 11.866. 13.266 +1.400 3.608 0.01 
48 12.400 15.266 +2.866 — 3.647 0.01 
72 13.133 16.533 +3.400 — 7.439 0.001 
96 12.000 16.200 +4 .200 3.414 0.01 
144 10.133 15.866 +5 .733 4.399 0.001 
168 8.333. . 14.400 +6 .067 4.822 0.001 
192 5.933 13.000 +7.067 4.810 0.001 
216 6.066 12.200 +6.134 4.210 0.001 


acetate in the treatment of sodium hydroxide 
burns of the rat cornea failed to significantly 
increase healing rate, or reduce final scar- 
ring and: vascularization as compared with 
similarly burned, untreated eyes. 


EXPERIMENT V 


Standard corneal lesions were produced 
in both eyes of 15 albino rats with 2N nitric 
acid according to the technique described 
_ above. One drop of NeoCortef (hydrocorti- 
sone) was instilled into the right eyes of the 


animals three times a day until no further 
change was observed. The left eyes were 


followed as controls, and the animals were 


examined at 24-hour intervals. Statistical 
analysis of the data is presented in Table 5. 

Conclusions. Animal eyes treated with Neo- 
Cortef healed significantly faster, and with 
less residual scarring and vascularization 


‘than did similarly burned untreated eyes. 


NeoCortef suspension was found to be of 
definite value in the treatment of nitric acid 
burns of the rat cornea. 


{ 
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TABLE 6 
COMPARISON OF “NEO-CORTEF”’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 
STANDARD BURN OF EACH EYE WITH IN NaOH 
Hours after Average Score Average Score Average A Pp 
Injury Treated Eye Control Eye Difference 

24 25.000 24.800 —0.200 0.514 0.60 
48 23.866 24.400 +0.534 1.312 0.20 
72 22.666 22 .466 —0.200 0.386 0.70 
96 19.733 21.400 +1.667 3.157 0.01 
144 22.000 24.000 +2.000 2.691 0.02 
168 24.000 25.200 +1.200 1.000 0.40 
192 24.133 25.200 +1.067 1.403 . 0.20 
216 24.133 24.466 +0 .333 0.353 0.80 


EXPERIMENT VI 


Standard corneal lesions were produced 
in 15 rats with 1N sodium hydroxide solu- 
tion. Both eyes were irrigated with distilled 
water for two minutes. One drop of Neo- 
Cortef was instilled into the right eyes three 
times a day until healing was complete. The 
results are presented in Table 6. 

Conclusions. No significant difference was 
noted between the healing rate of sodium 
hydroxide burned eyes when treated with 
NeoCortef and untreated control eyes. 


EXPERIMENT VII 


Standard corneal lesions were produced in 
both eyes of 15 rats with 1N sodium hydrox- 
ide solution. Both eyes were irrigated with 
distilled water. One drop of NeoCortef sus- 
pension in castor oil (2.0 pg. per drop) was 
instilled into the right eyes once daily. |The 

left eyes were followed as controls. 
sults are depicted in Table 7. oe 

Conclusions. Suspension of NeoCortef in 


castor oil failed to enhance the drug’s anti- 


inflammatory action in this experiment. So- 
dium hydroxide burns of the cornea healed 
at the same rate, and with the same degree 
of scarring when treated with NeoCortef- - 
caster oil suspension as did untreated eyes. 


EXPERIMENT VIII 


Standard corneal lesions were produced in 
15 rat corneas with 2N nitric acid. Both 
eyes were then irrigated with distilled water 
for one minute. NeoCortef suspended in 
castor oil was instilled into the right eyes 
once daily until healing was complete. Sta- 
tistical data is presented in Table 8. 

Conclusions. Rat eyes burned with 2 N- 
nitric acid healed significantly faster and. 
with less residual scarring and residual scar- 
ring and vascularization than did similarly 
burned, untreated eyes, when treated with 
NeoCortef-castor oil suspension. No signifi- 
cant difference, however, was noted between 
nitric acid burned eyes treated with aqueous 


TABLE 7 


COMPARISON OF RIGHT EYE TREATED WITH ‘‘NEO-CORTEF”’ 


IN CASTOR OIL WITH UNTREATED LEFT 


EYE FOLLOWING STANDARD BURN OF EACH EYE WITH IN NaOH 


Hours after Average Score 


Average 


Average Score t p 

Injury Treated Eye Control Eye Difference 3 
24 18.933 20 .667 +1.734 4/751 0.001 
48 18.867 20.333 +1.466 5.090 0.001 
72 18.533 18.867 +0..334 1.392 0.20 
96 16.600 17.133 +0 .533 1.444 0.20. 
144 14.333 17.467 +3.134 2.954 _ 0.02 
192 15.933. 19.267 +3.334 2.576 0.05 
240 17 .400 19.800 1.878 0.10 


+2 .400 
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TABLE 8 

COMPARISON OF RIGHT EYE TREATED WITH “‘NEO-CORTEF’’ IN CASTOR OIL WITH UNTREATED LEFT 
EYE FOLLOWING STANDARD BURN OF EACH EYE WITH 2N HNO; 


Average | t 


Hours after Average Score Average Score P 

Injury Treated Eye Control Difference 
24 16.133 16.866 + 0.733 3.425 0.01 
48 14.667 17.800 + 3.133 5.420 0.00 
72 14.000 18.333 + 4.133 6.966 0.004 
96 11.267 14.800 + 3.533 3.743 0.01 
144 6.933 . 14.600 + 7.667 6.470 0.001 
168 4.733 14 .867 +10.134 7.813 0.001 
192 3.000 12.467 + 9.467 4.900 . 0.001 
216 1.333 11.000 + 9.667 5.422 0.001 
288 0.933 11.000 + 10.067 5.899 0.001 


NeoCortef suspension oe the castor oil sa 
pension. 


EXPERIMENT IX 
Standard burns were produced in both 
eyes of 15 rats with distilled water and 
0.1 cc. of Solu-Cortef, containing 5.0 mg. 
per cc, of hydrocortisone was injected sub- 
‘conjunctivally into the right eye of each 
animal. The left eye of each animal served 


as an untreated control. Results of this ex- | 


-_periment are presented in Table 9. 

Conclusions. Corneal burns in rat eyes 
produced with 2N nitric acid, and treated 
with subconjunctival hydrocortisone, healed 
at the same rate as untreated eyes, and with 
the same amount of scarring. 


EXPERIMENT X 

Both eyes of I5 albino rats were burned 
with IN sodium hydroxide solution for one 
minute. Both eyes were irrigated with dis- 
tilled for one minute and 0.1 ce. of a solu- 


tion of Solu-Cortef (5.0 mg. cc.) was in- 
jected subconjunctivally into the right eye 
of each animal. The left eyes were followed 
as untreated controls. The results of this 
experiment are shown in Table 10. 

. Conclusions. Subconjunctival injection of 
Solu-Cortef failed to decrease the rate of 
healing of rat corneas burned with sodium 
hydroxide, nor did it reduce the amount of 
scarring and vascularization, No significant 
difference was noted between the treated and 
untreated eyes. 


EXPERIMENT XI 


_ Both eyes of 15 albino rats were ‘burned 
with 1N sodium hydroxide for one minute. 
Both eyes were then irrigated with distilled 


water for one minute. One drop of Hydeltra- — 


sol (prednisolone 21 phosphate) 0.5-percent 
solution was instilled into the right eyes 
three times a day. The left eyes were fol- 
lowed as untreated controls. Statistical anal- 


TABLE 9 


COMPARISON OF “‘SOLU-CORTEF”’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 
STANDARD BURN OF EACH EYE WITH 2N HNO; 


Hours after Average Score Average Score Average , P 

Injury Treated Eye Control Eye Difference 

24 : 16.533 16.467 —0.066 0.243 0.90 

48 - 16.800 - 17.000 +0.200 0.468 0.70 

72 16.133 17.200 +1 .067 2.634 0.02 

96 15 .867 16.400 +0.533 1.156 0.30 

144 10.867 11.133 +0 .266 1.152 0.30 

192 7.867 8.400 +0 .533 2.776 0.02 

+0.400 1.342 0.30 
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TABLE 10 


COMPARISON OF “SOLU-CORTEF’’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 
STANDARD BURN OF EACH EYE WITH IN NaOH 


Hours after Average Score Average Sete Average t P 
Injury Treated Eye Control Eye Difference 
24 24.667 24.467 0.200. 0.258 0.80 
48 24.133 23.800 —0.333, 0.022 0.90 
72 24.333 24.267 —0.066 0.372 0.70 
96 25 .000 oe +0.267 0.320 0.70 
144 23 .867 | 24.333 +0.466 1.183 0.30 
192 23.000 23.533 +0 .533 1.864 0.10 
240 22.067 +0.600 1.749 ‘0.20 
TABLE 11 ; 


COMPARISON OF ‘‘HYDELTRASOL”’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING’ 
STANDARD BURN OF EACH EYE WITH IN NaOH 


Hours after Average Score Average Score Average 


Injury Treated Eye Control Eye Difference : P 
24 20.600 23.600 +3.000 5.122 0.001 
48 - 21.800 23.600 1.800 4.205 0.001 
72 23.000 23.266 0.266 1.330 0.30 
96 24.466 24.833 | 0.367 1.663 © 0.20 
144 26 .000 26.400 +0.400 2.220 0.05 
192 25.071 25.500 —+0.429 2.670 0.02 
240 24.429 24.929. +0.500 3.110 © 0.01 

‘TABLE 12 


COMPARISON OF ‘‘HYDELTRASOL’’ TREATED RIGHT EYE WITH UNTREATED LEFT EYE FOLLOWING 
STANDARD BURN OF EACH EYE WITH 2N HNO; 


2 


Hours after Average Score Average Score Average —. 


Injury Treated Eye Control Eye Difference 
24 18.200 19.400 +1.200 2.266 0.05 
48 18.600 19.000 +0.400 ; 4.079 0.30 
72 16.833 17 .633 +0 .800 2.344 0.05 
96 13.000 13.666 +0 .666 1.456 0.20 
144 9.800 9.666 —0.134 0.492 0.70 
192 6.334; 5.867 —0.467 1.605 0.20 
240 2.067 —0.134 .0.453 0.70 


ysis of the results of this experiment are irrigated with distilled water for one minute. 
shown in Table 11. Hydeltrasol drops were instilled into the 

Conclusions. Rat eyes burried with 1N- right eyes three times a day until no further 
sodium hydroxide, and treated with pred- change was noted. The left eyes were fol- 
nisolone 21 phosphate healed at the same lowed as untreated controls. The results are 
rate and with the same amount of scarring shown in Table 12. 


and vascularization as did similarly burned Conclusions. Rat eyes staat with nitric 
untreated eyes. ae acid and treated with topical Hydeltrasol 

| healed at the same rate and with about the 
EXPERIMENT XII same amount of final scarring and vascu- 


Both eyes of 15 albino rats were burned larization as did similarly burned, untreated 
with 2N nitric acid. Each eye was then _ eyes. : 
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SUMMARY 


_A series of experiments was conducted to 
determine the effectiveness of certain topi- 
cally. and subconjunctivally administered 
corticosteroids in the management of re- 
presentative acid and alkali burns of the rat 
cornea. Cortisone and prednisolone 21 phos- 
phate failed to alter the course of sodium 
hydroxide and nitric acid burns of the rat 
cornea. Hydrocortisone. was found to be 
significantly beneficial in nitric acid burns, 


when administered topically. Subconjunctival 
injections of hydrocortisone neither in- 
creased healing rate nor reduced the amount 
of final scarring and vascularization. A\l- 
though the scope of this series of experi- 
ments is rather narrow, the results would 
tend to indicate that the anti-inflammatory 
action of corticosteroids at the tissue level 
is not marked in certain chemically induced 
corneal lesions. i 


1430 Tulane Avenue (12). 
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HETEROLOGOUS CORNEAL TRANSPLANTS IN RABBITS 


A PRELIMINARY REPORT 


Joun H. J. Sykes, M.D. 
‘San Antonio, Texas 
| AND 

Louis J. Grrarp, M.D. 


Houston, Texas 


The work of Tucker’ in culturing bovine _ 


tissues to reduce the antigenicity so that they 
might be used in human heterologous grafts 
and specifically his use of cultured bovine 
osseous and cartilaginous transplants in hu- 
mans suggested the idea that culturing fetal 
bovine corneas in bovine plasma might re- 
duce their antigenicity and produce less 
allergic reaction on transplantation. | 

Successful direct heterologous transplants 
in rabbits have been reported by Basu and 
Ormsby. Kamata* reported a_ successful 
transplant of chick cornea into rabbit cornea 
after preserving the chick cornea in rabbit 
serum for three days prior to transplantation. 

It was the purpose of this experiment to 
determine whether or not culturing fetal 
bovine eyes in bovine plasma reduces’ the 
allergic response of the host to the trans- 
planted tissue. 


METHODS AND MATERIALS 
_ The donor material consisted of bovine 
fetal corneas obtained from the National 
Bone & Tissue Laboratories, Inc., Houston, 
Texas. Calves one to three months old weigh- 
ing approximately 100 to 250 pounds were 


‘used. The eyes were removed under aseptic 


conditions in a sterile operating room upon 
opening the amniotic sac. The eyes were then 
either used directly in heterologous trans- 
planting or stored in. either 100 percent 
plasma or a 25 percent glycerine-75 percent 
plasma mixture at 40°F. To the plasma or 
glycerine-plasma mixture had been added 
penicillin and streptomycin. 

The hosts were adult rabbits weighing 
2.5 to 4.5 kg. 

The rabbits were anesthetized with intra- 
peritoneal nembutal. Pontocaine was dropped 
on the eyes and Xylocaine injected into the 


‘ 
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| TABLE 1 
RESULTS IN GROUP 1 
*Rabbit Code No. Epithelium _ Endothelium Stroma 
1A 3+ 3+ 0 
5B 3+ i+ 1+ 
6B 4+ 4+ 44. 
9B 3+ 2+ 2+ 
10B 34+ 2+ 2+ 
4+ 4+ 4+ 


superior and inferior fornices of both eyes. 
Superior and inferior rectus sutures were 
inserted after draping one eye. A small 
incision was then made in the center of the 
cornea perpendicular to a line joining the 
ear to the nose. Holding the edge of the 
incision with a forceps and using an iris 
spatula for dissection, interlamellar pockets 
were opened nasally and temporally extend- 
ing to the limbus. Then fetal bovine corneal 
tissues, measuring 2.0 by 2.0 by 5.0 mm., 
were deposited in these pockets at the limbus. 
From one bovine cornea epithelium and 
stroma were placed nasally in the right eye, 
endothelium and stroma temporally in the 
right eye, and two pieces of stroma of the 
above dimensions nasally and temporally 
respectively in the left eye. Once in place, 
the bovine tissue did not migrate from the 
area in which it was deposited. 

The grafts were observed daily for three 
days and Neosporin drops instilled daily 
during this period. The grafts were then 
observed every other day until maximum 
reaction occurred, then weekly till enuclea- 
tion. In eyes showing an allergic response, 
observation was continued until clearing be- 
gan to occur. In eyes showing no reaction 


to the grafts, observation was continued 
at least-two to three months. | 

Initially, suture was used to close the 
corneal incision; however, it was found 
that the suture itself caused reaction, vascu- 
lar ingrowth to the suture, and predisposi- 
tion to central corneal ulceration. 

The reaction to the graft was graded from 
Q (no reaction, graft clear) to 4+ (marked 
vascular ingrowth and dense leucoma at the 
site of tissue). 


RESULTS 


The types of transplants were divided 
into three groups. The results of each group 
are tabulated in Tables 1, 2, and 3. 


GrouP 1 


Six calf eyes not cultured (table 1). Fetal 
calf corneas tissue transplanted directly to 
rabbit corneas on the day obtained. The 
maximum reaction of all grafts of Group 1 
was at 10-14 days. 


Group 2 


Seven calf eyes cultured at 40°F. in 100- 
percent bovine plasma and transplanted after 


TABLE 2 
' RESULTS IN GROUP 2 


| Time of Maxi- 


‘Code No. Cultured Epithelium Endothelium Stroma Stroma mum Reaction 
6A 3 da. 0 0 as 0 None 
7A 3 da. 3+ 3+ 2+ 2+ 1 mo 
3A 1 wk. 0 0 0 0 None 
8A 1 wk. 3+ i+ 1+ 0 1 mo 
4A 2 wk. 2+ 0 0 0 2 wk. 
5A 2 wk. 0 0 Re 0 None 
8B 1 mo. 3+ 1+ 1+ 1+ 1 mo 


Stroma 
i+ 
1+ 
4+ 
2+ 
2+ 
4+ | 
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TABLE 3 
RESULTS IN GROUP 3 


Time of Maxi- 


3 da. 0 0 None 
4B 2 1+ 1+ wk: 
iB 1 3+ 34 34 34 wh 
7B 1 mo. 2+ 0 0 0 2 wk. 


| 
culturing for various periods of time (two 
_at three days, two at one week, and two at 
two weeks, and one at one month) (table 2). 


3 


Five fetal calf eyes cultured in a 25 per- 


cent glycerine-75 percent plasma mixture 
at 40°F. (two transplanted at three days, 
twa at one week, and one at one month) 
( table 3). 
DiscUSSION 

By the method described it was possible 
to compare the reaction of a rabbit to epithe- 
lium, endothelium and stroma separately. 
The results show, in all cases, that, when a 
reaction to the heterologous material occurs, 
the reaction is greater to epithelium than to 
either endothelium or stroma. A reaction to 


stroma or endothelium occurs frequently, 
but the degree of reaction is less than or 


equal to the reaction to epithelium in the 


same’ rabbit—never greater. Epithelium, 


therefore, incited an allergic response in the 


host more frequently and more markedly than | 
tissue from ee test of the fetal bovine 


cornea. 
Comparing the reactions to the’ cultured 
corneal tissue (Groups 2 and 3) with the 
allergic response to corneal tissue not pre- 
served, the overall degree of reaction was 
less and the time of onset of the allergic re- 
action tended to be more delayed in tissues 
cultured in 100 percent bovine plasma of in 
a 25 percent glycerine-75 percent boyine 
plasma mixture. The usual time of onset 
of the allergic response of the rabbits bear- 
ing the uncultured calf corneas was 10 to 14 
days. After culturing, the time of onset of 


the reaction might be delayed to as long as 
one month. 

In three cases of culture in 100 percent 
plasma and in one case in 25 percent glyc- 
erine, there was no reaction to the grafts at 
all, the rabbit corneas remaining grossly clear 
even though the calf tissues were placed at 
the limbus. 

An attempt was made to correlate the 
length of time the calf eyes were cultured 
with loss of antigenicity of the bovine cornea. 
However, no further significant decrease of 
antigenicity was found after three days of 
culture. Further studies on grafts from bo- 
vine eyes preserved over a longer period of 
time are in progress. 

No significant difference was found be- 
tween 100 percent plasma media and 25 per- 
cent glycerine-75 percent plasma media in 


effectiveness on reduction of antigenicity of | 
the calf material. However, initial micro- 
scopic sections of donor calf corneas re-— 


vealed better preservation of stroma tissue 
architecture in the 25 percent glycerine-75 
percent plasma mixture than in the 100 per- 
cent plasma after three days of culturing. 
After one and two weeks or more of cultur- 
ing in 100 percent plasma, the bovine stroma 
became edematous and its thicknes in- 
creased from a normal 1.0 mm. up to two to 
three mm. in thickness. This did not occur 
with the 25 percent glycerine mixture. 

The hypothesis is set forth that pre- 
serving the calf eyes in bovine plasma or a 
mixture of glycerine and bovine plasma al- 
lows time for alteration of the protein ‘con- 
stituents of the calf cornea and that these 
alterations are of such a nature that there 
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is a reduction of antigenicity of the tissues, 
allowing more successful heterologous trans- 
plants. Such an hypothesis might conceivably 
be applied to homologous as well as to 
heterologous grafts. 


SuMMARY 


In heterologous transplants of fetal calf 
corneas into rabbit corneas, culturing the 
calf eyes in 100 percent plasma or a 25 per- 
cent glycerine-75 percent plasma mixture 


prior to transplanting the tissues reduces the | 
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of the host to the heterologous material. 
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RECEPTOR AMBLYOPIA* 
Jay M. Enocu, Pu.D. 
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INTRODUCTION 


One may ask the question, what are the 
effects upon visual functions when the ori- 
entations of the retinal receptors, or their 
components are disturbed? Ordinarily we 
think of the receptors and their components 
as being in perfect alignment. However, it 
is not unusal when viewing a preparation to 
see the orientation of the receptors disturbed 
(fig. 1). While these disturbances are usually 
attributed to the manipulations associated 
with preparing the section, the author asks 
the reader to conceive that —n disturbances 
may occur in vivo. : 

Disturbances in the orientation of aligned 
structures may also occur within the recep- 


* From the Department of Ophthalmology, Wash- 
ington University School of Medicine. The experi- 
mental phases of the work discussed in this paper 
were completed while the author was associated 
with the Ohio State University, and that work was 
supported by a National ee Foundation Grant 
Number G 3877. 


‘ one of the rods that this oriented structure 


tor cells themselves. An example’ of suc 
a phenomenon is shown in Figure 2, which 
is a photograph taken with an electron mi- 
croscope showing the outer rod segments of » 
an adult mouse. Magnification is 11,400 
and Dalton’s fixative was employed. If one 
studies the transverse lamellar structure seen 
in these outer rod segments, one notes in 


is grossly disturbed. Disturbance of this 
magnitude is rare. 

Further, it has been by 
that the photopigment mo'ecules (visual 
purple) which lie in these transverse lamel- 
lar structures are also oriented. Of interest 
is the fact that with bleaching, the orientation 
properties of these molecules change to a — 
certain degree. 


tI wish to express my appreciation to Dr. A. Ff. 
Cohen of the Department of Anatomy, Washington 
University Scheol of Medicine, for allowing me to ‘ 
present this figure. 
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Thus, it is possible to conceive of a on | 


turbance in the alignment of retinal recep- 
tors, or in the orientation of the internal 
structures, or photopigment molecules of the 
individual receptors. A method exists for 
studying the orientation factors in vivo in 
humans if visual fixation of the eye is as- 
sured. In 1933 Stiles and Crawford discov- 
ered that light entering different parts of the 
pupil of the eye did not give rise to equal 
retinal response, that is, it was found that 
the retina was differentially directionally 
sensitive to light. For such a phenomenon to 


i? | 


Pelt. 
Gq, 


PUA 


Dail? 


occur, two conditions are necessary: : 
First, some component or components 
must be differentially directionally sensitive, 
and second, these components must be 
aligned with some degree of uniformity. 
By studying directional sensitivity patterns 


it'is possible to obtain insight into the state 


of organization and orientation of that which 
is aligned. The Stiles-Crawford effect is 
largely associated with retinal cone vision, 
but in one case, reported by Flamant and 
Stiles,* where the peripheral retina was 
interpreted as being tilted by the authors, a 


At 


Fig. 1 (Enoch): Schematic drawing of the appearance of the receptors on a microscope slide. One can 
conceive that such a distribution might o¢cur in VIVO. (Courtesy, University of Chicago Press, from The 


Retina by S. Polyak.) 
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change in directional sensitivity in rods was 
noted. Ordinarily however, one may make 
use of the fact that rods show virtually no 
change in directional sensitivity,’ for light 
entering different parts of the pupillary 
aperture,'to aid in separating retinal rod and 
cone function. A typical normal foveal dir- 
ectional sensitivity pattern is shown in 
Figure 3. Relative sensitivity is plotted as 
a function of angle of incidence of light at 
the retina. The direction of maximum sen- 
sitivity for this subject varies slightly from 
the center of the entrance pupil. The magni- 
tude of the effect is ordinarily slightly less 
than one logarithmic unit. The ‘function 
should be thought of as a figure of revolu- 


tion in order to consider all meridians in the ‘ 


pupil. | 
If the alignment of the oriented compo- 
nents is disturbed, certain things may be 


JAY M. ENOCH 


(Courtesy Dr. A. Cohen, Department of Anatomy, Washington University Medical 


expected to occur. First, if the direction of. 


receptors, with their directionally oriented 


maximum ‘sensitivity of these components 
is such that they are not directed at the center 
of the entrance pupil, less light will be ab- 
sorbed by these receptors. That is, one may 
think of the pattern shown in Figure 3' as 
being tilted more on its side. It is well known 
that acuity is dependent upon the amount of 
light absorbed.’ Because of the nature of 
this function at higher levels of luminance, 
it is theoretically possible to isolate that part 
of visual loss contributed by this factor. 
Secondly, under certain specified stimulus 
conditions one would anticipate that these 


components aligned. as in the first instance, 
would absorb greater amounts of stray 
light.° Stray light acts to reduce constrast, 
‘which, in turn, affects acuity. | 
These two types of disturbance may be 


o£ .Retinal rod outer segments of the adult mouse. Note the disturbed lamina in the one 
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Fig. 3 (Enoch). Relative luminous efficiency as a 
function of retinal angle of incidence. This is a 
typical normal Stiles-Crawford function. Equiva- 
lent entrance pupil radii are presented. b repre- 
sents relative directional sensitivity. 


independent of total receptor orientation, 
that is the orientation of some component 
within the cell may be disturbed (as in 
Figure 2, or see reference’), as contrasted 
with the orientation of the cell itself. Of 


course, a large number of cells would have 


to be involved if function is to be impaired. 
If the orientation of the receptor cells is 
disturbed, the above two factors plus two 
additional aspects must be considered. First, 
if one were to consider the case of light 
energy incident normally at the retina, it 
might be anticipated that fewer receptors 
would be stimulated if these receptors were 
aligned parallel to the incident light, than 
if the receptors were oriented at an angle to 


{ 


the incident energy (fig. 1). The effect is 


obviously to reduce the retinal “grain.” In 
other words, the resolution of a receptor 
system is dependent upon the area (or angle) 


covered (subtended) by each of the individ- 


ual elements. Oblique incidence or oblique 
orientation therefore precludes fine resolu- 
tion. It also follows that if all fibers were 
uniformly tilted, acuity would vary as a 
function of the meridian tested. Campbell* 
has recently shown that for oblique incidence 
of light at the retina in a normal eye, visual 


| acuity drops by a factor of eight times (for 
example, 20/20 to 20/160) as the test beam . 


moves from the center to the edge of the 
entrance pupil. This loss in acuity is mani- 
fested for.a grid target oriented perpendicu- 
lar to the direction of beam movement. 

A second copsideration was revealed as 
part of a recent investigation* of model 
retinal receptors studied at microwave fre- 


quencies.® The models employed (fig: 4) were 


only of the ellipsoid portion of the receptor 


cells. In brief, it was found that if the axes 
(center lines) of the models were parallel, 
' that is, 8 = 0°, there was little interaction be- 
tween receptor elements for virtually all 


angles of incidence of energy. The axes of 
the receptors were rotated relative to the 
optic axis of the microwave system, and were 
placed at various positions and planes in 


* This phase of. the program was sponsored by a 
contract between the Air Force Office of Scientific 
Research and the Ohio State University Research 
Foundation (contract No. AF 18 (603)—63). 


seeutnt| } 


Fig. 4 (Enoch). Illustration showing the nature 
of the experimental arrangement in ihe microwave 


study. 
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Figs. 5 to 13 (Enoch). Foveal threshold determinations for light entering different points in the entrance 
pupil of the eye. (Figure numbers appear in the upper left-hand corner of each graph.) 


the diffraction pattern. This finding implies 
relative independence or integrity of the 
energy path once the energy enters the ellip- 
soid. The maximum change in recorded 
power absorbed due to the presence of an 
additional receptor was 0.2 log unit. 

However, if @ was not equal to zero, the 
interaction between elements increased (note 
@ maximum is equal to a). This interaction 
seemed greatest when 8 = « or when the 
surfaces were parallel. For this to occur, the 
surfaces did not have to be in contact—rather 
merely contiguous to each other. If separated 
by one or two wavelengths, or less, this 
effect was noted. Interactions up to about 
1.0 log unit were found. 

In other words if the ellipsoids or outer 


segments of neighboring receptors come into 
close relationship with each other, tne energy 
within the receptors interacts to a consider- 
able degree causing a loss in. the integrity of 
the individual light paths and hence in visual 
resolution. The causes of this finding are 
complex. This then is another mechanism 
giving rise to reduced visual acuity, that is., 
close or actual contact of neighboring ellip- 
soids or outer segments. These interaction 
phenomena are also known as frustrated 
total reflection. Recent work in the field of 
fiber optics*®-*? tends to support these find- 
ings. 
Thus, at least faut mechanisms are sug- 
gested which will tend to reduce acuity if 
that which is oriented in the fovea is dis- 
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TABLE 1 
‘DATA RELATED TO THE TEST PROCEDURES 


Direction of Maxi- 
_ Directional Sensitivity mum Sensitivity 


Age Eye rected Refraction 

Horiz. Vert. 
O.D. 20/25 —1.25=—0.25X105 Simple tilt 5.00°L 2.50°U 

O.S. 20/15 —1.50= 0 Normal | 0 0 

20/60 +2.00= 0 General Malorientation 
OS. 20/18 40.50= 0 Normal 0 
O.D. 20/60 ~—2.25=—0.75X175 Simple tilt +Reduced Sensitivity 5.00°L 2.00°D 
OS. 20/20 +1.25= 0 Normal 1.25°L 1,25°U 

A=Not applicable. 


Note: 1 mm. in Entrance Pupil =2.50° change in angle of incidence. 


- turbed. On the basis of these data one may 

hypothesize that a certain percentage of indi- 
viduals with reduced visual acuity or ambly- 
—opia due to either physiological or pathologi- 


cal causes would be expected to have non- 
customary directional sensitivity patterns as 


regards form or orientation. One could con- 
sider such individuals as manifesting recep- 
tor amblyopia. 


EXPERIMENTAL | 
| The data presented below (with the ex- 


ception of patient P. B.) have been presented | 


in a more complete form elsewhere.** ** 


Stiles-Crawford type data may be obtained 


using any of several mutually satisfactory 


meth ods. In the three cases whose data are 
described in Figures 5 to 13, .a contrast 
threshold (AB) was determined by an 
ascending method of limits.** In the case 
-seen in Figure 14, a bipartite field was 
matched in luminance by a method of ad- 
justment.** In that instance relative sensi- 
tivity is plotted. It will be remembered that 
a measure of sensitivity may be determined 
by plotting the inverse of threshold (al- 
though this was not the method used in this 
instance). 

If a parallel: plane wave having as_ its 
origin a point source at infinity is incident at 
the cornea, the rays are refracted to form a 
theoretical point image (of the point object 


at infinity) on the retina in an emmetropic 
eye. The more peripheral the ray striking the 
cornea, the more the refracted ray striking 
the retina departs from. normality to the 
surface. In testing for the Stiles-Crawford 
effect, one in effect samples across a plane 
wave incident at the cornea and measures by 
some means the excitation occurring in the 
etinal plane. Thus, the data below are ex- 
pressed in terms of the radial distance of 
incidence of the test beam in the entrance 
pupil of the eye. This may be transformed 
into angle of incidence at the retina (fig: 3) 
in terms of the simple relationship given in 
Table 1. | 
Three types of data are obtainable from 
the functions observed in Figures 5 to 13. 
1. Directional sensitivity functions of the 
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Fig. 14 (Enoch). Directional sensitivity () data | 


of subject P. B. compared with a theoretical dis- 
tribution which gives a good approximation to data | 


obtained from a normal eye. 
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central fovea. From these one may deduce 
information as regards organization and ori- 
entation of that which is oriented. 

2. Comparative sensitivity of the two eyes. 


It was in order to obtain these types of data 


that a contrast threshold (AB) technique 
was employed. Properly one should integrate 
the functions for a given pupil size in order 
to obtain this.information. A first estimate is 
derivable by comparing 4 B values in the 
oro eyes at 

3. Comparative sensitivity of the two ret- 
inae. These types of data are obtained by 
comparing A B values at r (maximum sensi- 


tivity) in the two eyes. If these 4 B values — 


are not equal, no statement may be made on 
the basis of this technique as to where the 
loss in sensitivity scan occurred in the total 
pathway. 

The hypothesis stated above was first 
tested on a group of individuals who had one 
normal eye, and one amblyopic eye. In order 
to avoid problems of faulty fixation, maxi- 
mal visual loss considered was 20/60. All 
patients had good central monocular fixa- 
tion in both eyes, and no evident pathology. 


Six individuals were tested. These tests 


required a minimum of twenty hours of the 
patient’s time in addition to the routine re- 
fractive techniques and tests for fixation. 
Patients were compensated in part. Obvi- 
ously this cannot be considered as a tech- 
nique for routine clinical testing at this time. 
In the amblyopic eye of the six individuals 
tested, two manifested simple tilt of that 
which is oriented, two manifested general 
malorientation, one manifested simple tilt 
plus generally reduced sensitivity, and one 
exhibited no significant change in either di- 
rectional sensitivity or retinal sensitivity. 


SIMPLE TILT OF THAT WHICH IS ORIENTED 


This is characterized by a significant shift 
in the direction. of maximum sensitivity 
from the center of the entrance pupil. The 
amblyopic eye is less sensitive to light than 
the normal eye (comparison of AB values 
at r = 0), and the sensitivity of the two ret- 
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inas is approximately the same (comparison 
of 4 B values at.r (maximum sensitivity) ). 

An example of this type of manifestation 
is seen in Figures 5, 6, and 7. Note that 
“vertical” applies only to the amblyopic eye 
since there seemed little point in reproducing 
the vertical functions in normal eyes. How- 
ever, the direction of maximum sensitivity in 
ithe vertical meridian (measured through the 
Baw of maximum sensitivity in the hori- 


zontal meridian) is shown in Table 1. Sub- 


ject F. H., a highly trained visual experi- 
menter, had noticed his visual acuity in his 
right eye (20/15 to 20/25) has been slowly 
dropping during the last few years. 

One may raise a question as to magnitude 
of tilt necessary for loss in acuity? There 
are several approaches to this question. A 
statistical approach has been discussed else-_ 
where.** The technique of Campbell® pro- 
vides a superior method for evaluating at 
least one aspect of the visual loss. 


GENERAL MALORIENTATION OF THAT WHICH 
IS ORIENTED 


General malorientation is characterized by 
a general flattening (causing-a basic change 
in the nature) of the directional sensitivity 
pattern. It is my belief that this represents 
n groups of receptors oriented in different 
manners.’* A B at r = 0 is not equal in the 
two eyes, and AB at r (maximum sensitiv- 


ity) would be expected to be somewhat 


greater in the amblyopic eye. 
Subject D. S. (figs. 8, 9, and 10) mani- 


fests this type of condition. This subject had 


presented himself with 20/200 vision in his 
amblyopic eye. Routine training procedures 
had increased his visual acuity to 20/60 in 
that eye, but no further improvement could 
be obtained. It was at this point that the pa- 
tient was seen. This patient tended to sup- 
press this amblyopic eye during binocular 
testing, and manifested an eccentricity of 
fixation of 2* B.O. during binocular fixa- 
tion. During monocular testing there was 
no suppression and no apparent Screener? 
of fixation. 


REDUCED SENSITIVITY INDEPENDENT OF ORI- 
ENTATION CHANGES 


This condition i is characterized by steal 
orientation of. that whichis oriented. How- 
ever, A B at r (maximum sensitivity) in the 
amblyopic eye will be greater than that in the 
normal eye. | 

No case of this type was found. However, 
subject R. W. shows a combination of sim- 
ple tilt and. reduced Sensitivity (figs. 11, 12, 
and 13). His simple tilt is of the ene of 
magnitude of that manifested by subject 
F..H., but in Table 1 note the difference in 
acuity in the amblyopic eyes of the two sub- 
jects. In the case of subject R. W., A Bat r 
(maximum sensitivity) is greater in his am- 
_blyopic eye than in his normal eye. 

As was noted above, one subject, with 
visual acuity in his amblyopic eye of 20/40, 
was tested who showed no change in the 
characteristics measured in this experimen- 
tal program. He reported fading of the 
adaptation field during testing of the am- 
blyopic eye, and had to blink continuously 
in order to maintain the field. This presented 
no real impediment in testing. | 


It is obvious that what the author is seek: © 


ing to achieve is the development of an etio- 
logical. breakdown of amblyopias. On the 
basis of the work presented above, it is ten- 
tatively possible to classify three types of 
amblyopia by this technique, two of which 
would seem to be receptor in origin. Fur- 
ther,. amblyopias exist (as anticipated) 
_ which cannot be classified by this technique. 
Much further study is required to validate 
these findings, and to extend the etiologic 
breakdown. | 
These techniques also have considerable 
application to pathological processes. A pre- 
liminary venture in this direction is shown 
in Figures 14 and 15. Patient P. B.* ex- 
hibited central serous retinopathy. Figure 15 
shows the nature of the lesion and the merid- 
ian tested. At the time of testing she mani- 


*T wish to thank Dr. William Havener for re- 
ferring this patient to my attention. 
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fested 20/60 visual acuity. Since as a labora- 
tory technician she did routine colorimetric 
determinations, she could be considered at 
least a partially trained subject. There was 
no problem concerning the stability, or the 
central nature of her fixation. She did ex- 


hibit some metamorphopsia. Figure 14 rep- 


resents a determination of her central retinal 
directional sensitivity pattern. This pattern 
falls in the general malorientation category 
described above. A typical normal pattern is 
superimposed for purposes of comparison. 
It should be emphasized that data of these 
types may be obtained from any point in the 
retina. The central region, however, offers 
certain obvious experimental advantages. 


CLINICAL INSTRUMENT 


Rafore these techniques can have real clin- 


ical value, it will be necessary to find means 
and methods to simplify the necessary appa- 


ratus, and to reduce the test period signifi- | 
cantly. The device described below is con- | 


sidered a first step in this direction. This in- 
strument will be suggested largely for a 
screening function because various factors 
tend to limit its accuracy to a certain degree. 
These limitations will be noted at the appro- 
priate point in the text below. A more so- 
phisticated instrument™* is available at ‘this 
institution for detailed study. However, the 
simplicity, and compactness of the unit de- 
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Fig. 15 (Enoch). Schematic diagram showing the 
nature of the pathology, and the direction of the 
sweep across the entrance pupil of the eye of sub- 


’ ject P. B. in order to obtain the data shown in 


wigere 14. 
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PLANO CYLINDER(L2) 


scribed below recommends it for inten 
studies.- 


A Stiles-Crawford apparatus may be suc- | 


cessfully designed if one utilizes the features 
of a cylindrical lens. The device need have 
only one lens instead of the two described 
below if one does not have a desire to use 
interference filters in order to produce mon- 
ochromatic light. That is, the collimating 
lens (L1 in Figure 16) may be combined 
with the plane cylinder (L2) in a sphero- 
cylindrical lens. 

Figure 16 is a schematic cients of the 
instrument. An aperture covering a uni- 
formly illuminated piece of ground glass acts 
as the light source. It is suggested that the 
aperture subtend about one half degree vis- 
ual angle at the eye. This light is collimated 
by achromatic lens L1, and is made essen- 
tially monochromatic by an interference fil- 
ter. | 

It is necessary to make the remainder of 
the instrument rotateable about the optic 
axis in order to allow testing in any meri- 
dian at the eye. This is indicated by the large 
cylindircal figure surroundirig the remain- 
ing elements. A plano-cylindrical lens (L2), 
for example, +10D., 
the beam in the entrance pupil df the eye. 
For clinical purpose® a figure of three milli- 
meters to the rear of the apex of the front 


is employed to focus 


surface of the cornea may be used as en- 


CORRECTING LENS (L3) 
Fig. 16 (Enoch). Schematic drawing of .the prototype clinical Stiles-Crawford apparatus. 


trance pupil. The remainder of the units 

must be crowded as close as possible to L2. — 
The order of these elements is exchangeable 
with the exception of the correcting lens 
(L3). A variable polaroid is included to 
allow matching of brightness at different set- 


tings of aperture A. Aperture A selectively 


illuminates parts of the line image in the 
entrance pupil of the eye, allowing deter- 
mination of the Stiles-Crawford effect. Ap- 
erture B limits the extent ‘of the visual field 
in one meridian, and allows selection of the 
retinal area to be tested (peripheral or cen- 
tral). Note that fixed polaroids are attached 
to aperture A or aperture B ‘crossed at 90 
degrees in order to allow measurement. In - 
order to correct errors of refraction, or to 
correct aberrations, or to vary alignment, 
plane cylindrical (trial set) lenses (L3) may 
be placed as the last element in the system. 


These are aligned with their axis 90 degrees 


from the axis setting of lens L2. 

Figure 17-A and B provides a somewhat 
better picture of the manner in which the in- 
strument works. From Figure 17-A one can 
see the manner in which the image in the en- 
trance pupil is formed. This image would be 
a line perpendicular to the plane of the page. 
In Figure 17-B it is seen that aperture A al- 
lows only parts of that line image to pass. 
From Figure 17-A one notes that aperture B 
limits the extent of, the field (bar image on 
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retina). For central retinal testing a one de- 
gree extent is suggested. For parafoveal and 
peripheral testing, one merely laterally dis- 
places the aperture in plate B, while at the 
same time providing a fixation point. Ob- 
viously any number of other arrangements 
may be made. In Figure 17-B if one looks 
at aperture A one notes that four (or any 
number of) separate beams are allowed to 
pass. Apertures 1 and 4 are designed to aid 
in centration of the pattern in the entrance 
pupil. Double lateral apertures may be cut 
in aperture plate B to avoid interference 
with the test pattern in the retinal plane. 
These also serve as a useful device in fore 
and aft positioning of the patient. That is, if 


the line is not imaged properly in the en- 


trance pupil, the two beams will not exactly 
cross, and by lateral head movement ( for the 
setup shown) one or the other of the retinal 
images of these centration beams will disap- 
pear first. If the eye is. correctly positioned 
both will disappear together with lateral 
movement. The central testing array shown 
in Figure 18 will clarify this point. If fore 
and aft placement is correct, since these ap- 
ertures are placed near the edge of the di- 
lated pupil, disappearance or vignetting of a 
pair of the retinal images will signify ver- 


qT 


pie or horizontal movement of the entrance 
pupil. 
In the arrangement shown Ceibied test- 
ing, Figure 18) beam 3 is centered on axis 
and is oppositely polarized from the probing 
beam number 2. Beams 2 and 3 act in a man- 
ner similar to a Scheiner’s double aperture 


disc. Lens L3 is used to vary the separations 


of, or move these images at the will of the 
experimenter. With lateral movement of ap- 
erture A (Figure 16), beam 2 is swept 
across one half of the entrance pupil ena- 
bling measurement ‘of the Stiles-Crawford 
effect. The separation of the two images of 


beams 2 and 3 may be kept constant on the 


retina by varying lens L3, hence overcoming 
the effects of errors of refraction and of 


spherical aberration. This causes some dis- 
placement of beam two in the éntrance pupil. 


For peripheral or parafoveal testing an ar- 
rangement such as is shown under “parafo- 
veal testing” in Figure 18 is recommended. 


It would be necessary to invert aperture A 
midway through the examination in order to 


obtain a complete set of data. While for cen- 
tral testing any meridian may be studied, pe- 
ripheral testing is limited to the meridian 
oriented perpendicular to the radial direction 
of displacement. For screening, the direction 
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Fig. 17 (Enoch). Ray trace diagram of the clinical Stiles-Crawford apparatus. The letter designations 
correspond to the listed elements in Figue 16. EP = entrance pupil, R = retina. (A) The axis of lens L2 
is perpendicular to the plane of the page. (B) The axis of lens L2 lies in the plane of the page. 
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Fig. 18 (Enoch). Sample apertures to be used in various testing situations. The top and bottom lines of 
apertures A have been shortened in length to have space. 


of maximum sensitivity for central vision 
may be readily determined by using the ar- 
rangement shown under “screening (cen- 
tral)” in Figure 18. Here the polaroids may 
be removed from aperture B, and a match is 
made by moving aperture A laterally until 
the two fields appear equal. The direction of 
maximum sensitivity would be the bisector. 
Obviously any number of arrangements may 
be introduced. 

It is apparent that the same device, with 
-manipwlation of apertures A and B and fil- 
ters, may be used to measure spherical and 
chromatic aberration, and to determine the 
achromatic axis of the eye. Because the ap- 


ertures (aperture plate B) which limit the- 


ends of the field are not imaged at the retina, 
somewhat blurred imagery should result at 
those points. In order to produce a bipartite 
field for testing some blur is tolerated in 
the pattern. This influences measurements 
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TEST FIELDS © 
CENTRATION FIELDS am | 
FIXATION POINT* (NOT PROJECTED) 


slightly.* Another limitation of the instru- 
ment is the fact that it gives no measure of 
the sensitivity of the eye or the comparative 
sensitivity of the retinae. The former, i.c., 
sensitivity of the eye may be measured read- 
ily in any number of ways. As noted above, | 


' patients must have good central fixation and 


be held rigidly during testing. Since the 
Stiles-Crawford effect is 4 physical phenom- 
enon largely independent of luminance,**** 
control of this factor, once set, is not too 
critical.except in certain specified test cir- 
cumstances. 


SUMMARY 


Obviously the arg above introduces 


a program of research. Many phases need 


further investigation. It is hoped much basic 
information may be derived concerning ret- 
inal mechanisms, and perhaps clinical pro- 
cedures will be developed, enabling better 
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classification of conditions, and more accu- 
rate prognosis in cases of reduced vision. 


A theory has been developed relating pos- 


sible disturbances in retinal receptor, and re- 
ceptor component orientation to visual func- 
tion. It was predicted that such disturbances 
would lead to amblyopia. In five of six tested 
cases with amblyopic eyes, it was found that 
receptor orientation was disturbed. Three 
types of amblyopia may be classified using 
the techniques employed, of which two are 


probably receptor in origin, The techniques 
employed were applied to one case with cen- 
tral serous retinopathy. This individual was 
also found to manifest disturbed receptor 
orientation. Since required test time is a 
major problem, a prototype simplified clini- 
cal or screening instrument has been de- 
scribed which, it is felt, will make possible 
more rapid screening and testing of patients. 


640 South Kingshighway (10). 


REFERENCES 
1. Denton, E. J.: A method of easily observing the dichroism of the viet rods. J. Physiol., 124: 16-17, 
1954 
2. ———: On the orientation of molecules in the visual rods of salamandra maculosa. J. Physiol., 124: 
17-18, 1954. 


3. Stiles, W. S., and Crawford, B. H.: The luminous efficiency of rays entering the eye pupil at differ- 
ent points. Proc. Roy. Soc. London, Ser. B., 112:428-450 (Mar.) 1933. 
4. Flamant, F., and Stiles, W. S.: The directional and spectral sensitivities of the retinal rods. J. 


Physiol., 107: 187-202, 1948. 


5.*von Helmholtz, H.: Handbook of Physiological Optics. Southall translation. Optical Society of 


America, 1924, v. 2, p. 369. 


6. Boynton, R. M., Enoch, J. M., and Bush, W. R.: Physical measures of stray light in excised eyes. 


J. Opt. Soc. Am., 44: 879- 886 (Nov.) 1954. 


7. Polyak, S. oe The Retina, 1941, fig. 46. Chicago, Univ. Chicago Press. 
8. Campbell, F.: A retinal acuity direction effect.. J. Physiol., 144:25-26 (Nov.) 1958. 
9. Enoch, J. M., and Fry, G. A.: Characteristics of a model retinal receptor studied at microwave fre- 


quencies. J. Opt. Sec. Am., 48:899-911 (Dec.) 1958. 


10. Kapany, N. S.: Role of optical insulation in fiber optics. J. Opt. Séc. Am., 48:870 (Nov.) 1958. 
11. Kapany, N. S., and Oberheim, W. A.: Microwave analogs of fiber optics. J. Opt. Soc. Am., 48: 


870 (Nov. ) 1958. 


12. Kapany, N. S., and Pontaselli, D. A.: On dielectric cylinder photorefractometer. J. Opt. Soc. Am., 


48:870 ( Nov.) 1958. 


13. Enoch, J. M.: Amblyopia and the Stiles-Crawford effect. Am. I. Optom., 34:298-313 (June) 1957. 


14. 
J. Optom., 36: 3 (Mar.) 1959. 
15. 


Am., 48: 392-405 (June) 1958. 


: Further studies on the relationship between ’ambly opia and the Stiles-Crawford effect. Am. 


: Summated response of the retina to light entering different parts of the pupil. J. Opt. Soc. 


16. Crawford, B. H:: The luminous cP SPs of light entering the eye pupil at different points and its 
relation to brightness threshold measurements, Proc. Roy. Soc. (London), Ser. B., 124:81-96 (Sept.) 1937. 

17. Stiles; W. S.: The luminous efficiency of monochromatic rays entering the eye pupil at different 
points and a new color effect. Proc. Roy. Soc. (London), Ser. B., 123:90-118 (June) 1937. 

18. Le Grand Y., Recherches sur l’effet Stiles-Crawford. Rev. d’opt., 27:759, 1948. 


DISCUSSION 


Dr. Burtan (Iowa City, Iowa): 

Dr. Enoch has presented to us a study which is 
of greatest interest to everyone interested in reti- 
nal physiology and retinal pathology. It is of par- 
ticular interest also to those who concern them- | 
selves with the so-called amblyopia ex anopsia or ! 
strabismic amblyopia: | 

The Stiles-Crawford effect is a well-established 
phenomenon and I shall not raise the question here 
to what extent a tipping of the crystalline lens or a_ 
large angle kappa may influence the measurements 
obtained by Dr. Enoch. But I do wish to bring up 


one point, Dr. Enoch has reported on cases in which 
he found what he interpreted to be a “simple tilt” 
or a “general malorientation” of visual cells in the 
retina. Yet the acuity of the amblyopic eye of these 
patients could be improved by ordinary means. In 
one case occlusion of the fixating eye improved the 


| vision of the amblyopic eye from 20/200 to. 20/60, 


but not beyond this point. This observation suggests 
two thoughts. One is that in these patients in addi- 
tion to the malorientation of the sensory cells of the 
retina, another factor must be operative in produc- 
ing the amblyopia, for instance some sort of sup- 
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pression or inhibition, since it cannot be assumed 
that the occlusion of the fixating eye resulted in a 


reorientation of the retinal elements of the amblyo- - 


pic eye. 

The other thought is this: in the past I have as- 
sumed, as have others, that in patients in whom in- 
teasive attempts at re-educating the visual acuity 
of the amblyopic eye were not successful in im- 
proving the acuity of that eye beyond a certain 
level, we were faced with an amblyopia of patho- 
logic origin, even though -we were unable to discover 
any fundus anomalies with the ophthalmoscope. 
Ever since the work of Bangerter and Cuppers be- 
came known, a number of my friends interested in 
the amblyopia problem have pointed out to me that 
there was no such thing as a pathologic strabismic 
amblyopia and that my assumption was simply 
based on my inability to diagnose small degrees of 
eccentric fixation. 

Dr. Enoch’s work opens up the possibility of re- 
viving the concept of a pathologic strabismic am- 
blyopia. The question arises then, how can a mal- 
orientation of the retinal é¢lements occur, such as 
Dr. Enoch believes to be present? Many years ago, 
stimulated by a case of what we then called pachy- 
meningitis hemorrhagica, the eyes of which I had 
an opportunity to study histologically. I examined 
a number of eyes of newborn children ophthal- 
moscopically and was struck by the frequency with 
which retinal hemorrhages, often rather large and 
numerous ones, were seen in these infants. These 
hemorrhages disappeared without leaving a ‘trace 
and had no appreciable effect on the function of the 
eyes. It is quite conceivable that such hemorrhages, 
if they occurred at the posterior pole of the eye, 
while not affecting the eye grossly might produce a 
disarrangement in the orientation of the sensory 
retinal element and result eventually in such phe- 
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nomena as the ones which Dr. Enoch has described 
for us. : 


I have just one question to ask Dr. Enoch. It was ~~ 


not clear to me why Dr. Enoch felt that in his last 


ease in which the patient had to blink to “restore” 


the brightness of the adapting field, the seat of the 
lesion was central to the receptors. _ 

I wish again to congratulate Dr, Enoch on his 
excellent presentation of a beautiful piece of work. 

Dr. Enocn (closing): I certainly want to thank 
Dr. Burian for his kind remarks. I shall endeavor 
to answer the questions raised as best I can. 

Any factor which will introduce obliquity of in- 
cidence of the light, or of the receptors (relative to 
each other) should result in the findings described 
above to some degree. 

There is no doubt that the ambylopia of asin 
D.S. consisted of more than one factor, The same 
may be said of subject R.W. This is why it is im- 
portant to develop a more Complete etiology of am- 
blyopia, in order that we may predict the results 
of training, and to direct our attention to the spe- 
cific needs of the patient. Where training or other 
procedures are not yet possible, such a breakdown 
of amblyopias will serve to guide our research. 
This study is but a first step in such a breakdown. 

In the case of the subject who restored field 
brightness by blinking, one cannot say that the 
fault lay, in the photochemical response mechanisms 
of his receptors. From our knowledge of dark 
adaptation, a brief blink is not sufficient to restore — 
photochemical concentrations. Further, the tests 
completed in this series show that retinal response 
is normal (as defined above). Rather, it would 
seem that this defect would be in the excitation 
transmission system or in the interpretive centers. 
In terms of the tests performed, one cannot tell at 
this time at which level this defect is mediated. 


THE EFFECT OF TWIN FLASHES AND OF REPETITIVE LIGHT 
STIMULI ON THE HUMAN ELECTRORETINOGRAM* 


HERMANN M. Burian, 


M.D., anp Bruce E. Spivey, B.A. 


Iowa City, Iowa 


The size and shape of the electric re- 
sponses of the retina depend, aside from 
physical factors of the stimulus and techni- 
cal factors of reeording, on biologic factors, 


the state of the retina. Illumination of the 


*From the Department of Ophthalmology, Col- 
lege of Medicine, State University of Iowa. This 
work was performed during the summer of 1956 
during the tenure of one of us (B. E. S.) of a 
College of Medicine, State University of Iowa 


retina by a flash of light produces changes 
in the state of the retina which last beyond 
the duration of the flash. Thus twin flashes, 
and the use of repetitive light stimuli, offer a 
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tutes! of Health, Bethesda, Maryland. Presented at 
the ii. Winter National Meeting of the Associa- 
tion 'for Research in Ophthalmology, Edgewater 
Park, Mississippi, February ” 1959. 
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tool for the study of the effect of photic 
stimulation on the retina. 

The effect of twin flashes on the retina of 
animals has been investigated by a number of 
physiologists. Studies in man were done by 
Dodt' and Mahneke.? Repetitive stimuli have 
proved useful not only in physiologic experi- 
ments but also in clinical electroretinography. 

The present report deals with a study in 
which we employed twin flashes of four 
intensity levels, but equal for each set of 
flashes, separated by 15 to 150 msec. inter- 
vals, and repetitive stimuli with comparable 
intervals. 


TECHNIQUES AND PROCEDURE 


Experiments were performed on five sub- 
jects, students between the ages of 20 and 
24 years, without significant ocular anoma- 
lies. 

The light source was provided by a PS-2 


Grass Photo Stimulator: Intensities 1 (1,), 


4 (I,), and 16 (116) were employed. In addi- 
tion, a fourth, low intensity was obtained by 


a neutral filter consisting of an exposed X-: 


ray film, giving a reduction by two log units. 
It was used in conjunction with I, (1,F2). 
The photo stimulator could be operated man- 
ually or automatically by a Hunter Timer, 
delivering one flash every four seconds. 
The active electrode was a Burian-Allen® 
speculum electrode ; the indifferent electrode, 
a silver cup electrode, was fastened to the 
supraorbital area of the eye to be tested; 


grounding was provided by two electrodes, 


one fastened to each earlobe of the subject. 

Recording was done simultaneously with a 
Grass 4-channel EEG pen-writer and a Du- 
mont oscillograph and Grass camera. The pa- 
per and film records were correlated by a 
lapse time indicator (Arnott*). The details of 
the experimental arrangement will be de- 
scribed in a forthcoming publication. _ 

The experimental procedure was as fol- 


lows. After the subject was prepared, he | 


was light adapted for five minutes to the 
light reflected from a bowl painted with non- 


glossy white paint. He was then dark adapted 
for 10 minutes and the automatic light flashes 
were started. The intensity remained un- 
changed during each experimental session. 
To maintain a steady level of adaptation, a 


flash was delivered automatically every four 


seconds throughout the whole session, ex- 


cept at the end when repetitive stimuli were 


used. After the first minute of delivering the 
flashes, recording of single flashes were made 
for one-half.minute. At the 12th minute 
double flashes of 15 msec. flash interval were 
delivered for one-half minute, followed again 
by one-half minute of single flashes. The pro- 
cedure was repeated in exactly the same 
fashion with double flashes of 20, 30, 40, 60, 
70, 80, 90, 100, 120, 150 msec. intervals. At 
the conclusion of this series repetitive light 
stimuli with frequencies of 1, 2, 4, 6, 7, 8, 10, 
12, 15, and 20 stimuli per second were de- 
livered. 

A few exploratory experiments were dis- 
carded. One experimental series on each eye 
of each subject was utilized for this report. 
For each stimulus situation in each series 
three electroretinograms were measured and 
the measurements averaged. These averages 
were then again averaged forthe whole group. 


ANALYSIS AND DISCUSSION OF RESULTS 


The results will be analyzed under four 


headings: (1) The single flash electroretino- 


gram; (2) the effect of twin flashes on the 
first electroretinogram ; (3) the second elec- 
troretinogram with twin flashes; (4) the 
electroretinogram with repetitive flashes. 


1. THE SINGLE FLASH ELECTRORETINOGRAM 


While the data obtained with single flashes 


do not add essentially new information, they 


furnish a clear and consistent picture of the 
differences in the size and shape of human 


electroretinograms obtained with stimulating | 


flashes of four intensity levels. 

In most of our electroretinograms the four 
typical components of the electroretinogram 
resulting from flashes of brief duration, a 
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Fig. 1 (Burian and Spivey). Electroretinograms 
obtained with single flashes of four stimulus inten- 
sity levels (left hand column) and with double 
flashes having a 15-msec. interval 
column). Note the small positive hump early in the 
response with I,F. and the difference in size:of the 
responses with I,F: of the single flash and the 
double flashes. Note also the difference in shape 
of the electroretinograms with single and double 
flashes at the higher intensities, demonstrating the 
reduction in the scotopic component with the double 
flashes. 


double a-wave and a double b-wave, were 
clearly discernible, with the exception of the 


electroretinograms produced by I,F, flashes 


which never gave an a-wave (fig. 1). In 
some of the electroretinograms the positive 
elevation was represented by a plateau rather 
than by two distinct peaks, but in the ma- 
jority of them two peaks could readily be 
measured. 
We shall speak of the four components of 
the electroretinogram as of the first and sec- 
ond negative and positive elevations and 
designate them as aj, a2, bi, and bz. Such a 


the a-wave was always absent. There was, 


-réspond to the b,-wave of the electroretino- 


(right hand- 


essentially expressions of the photopic proc- 


designation, being purely descriptive, avoids 
any theoretic implications and should be pref- 
erable even to the designation ap, as, bp and bs, 
suggested by Johnson® to avoid the existing 
terminologic confusion, where the subscripts 
p and s stand for photopic and scotopic, re- 
spectively. 
_ The summary of the averages of the meas- 
urements obtained (table 1, fig. 2) permits 
the following conclusions.* 
1. Stimulation with low intensity (1,F:2) 
resulted’ in electroretinograms: from which 


however, in all of the electroretinograms a 
small first positive elevation which had a peak © 
time of 65 msec. which we believe to cor- 


grams obtained with more intense flashes 
(fig. 1). 

2. With intensity I, an a; and a2-wave, 
and a b, and b. wave were obtained, with 
the first negative and positive components 
being smaller than the second ones. 

3. With intensities I, and Ii, the situation 
was reversed, the first negative and positive 
deviations being /arger than the second ones. 

4. The absolute values of the b,- and be- 
waves were somewhat smaller for Ii. than 
for 

5. The peak times of a, and of ay were 
the same for all intensities, whereas with the 
higher intensities there was a reduction in 
the peak time of b,; and especially of be, the 
peak time of b, for I,. being only one half 
of that for I, F». | 

These findings summarize and confirm the 
results obtained with many different methods 
in this laboratory and in others. They clearly 
support the assumption that a, and b, are 


ess: at a given level of dark adaptation they 
are smaller for low stimulus intensities and 
larger for high stimulus intensities than their 
counterparts as and be. These latter com-. 


*In evaluating the mean deviations it should be , 
understood that they relate to the differences be- 
tween subjects. For measurements in the individual 
subjects the deviations were generally much smaller. | 
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TABLE 1 


hcninaii AMPLITUDES (A) AND PEAK TIMES (t,) OF THE FOUR COMPONENTS OF THE 
ELECTRORETINOGRAM WITH SINGLE FLASHES OF FOUR INTENSITY LEVELS 


ay ae b; be 
A tp A | tp A tp es tp 
msec | | pV gpmsec msec. msec 
LF: 33+ 31 | 123414] 11044 
4 97419 | 134.1 | 107419 | 224.1 | 373424| 4544 | 403416| 6143 
230+18| 15+ 2 | 233+ 8| 20+ 1 | 479424| 4342 | 4434131 
276417 |..18+ 2 | 263+29| 224 2 | 486447| 4343 | 433463| 5345 | | 


ponents would then be the expressions of the 
scotopic process. 

The fact that b,; and bz have smaller ab- 
solute values for I,, than for I, bears out an 
old observation made in this laboratory 
(Burian*) that supramaximal stimuli tend to 
reduce the b-wave, whereas the a-wave is not 

so affected.* | 


There is no difference of opinion regarding — 
the existence of a double b-wave, or for that ° 


matter of a double a-wave, but it is not clear 
whether the first positive elevation can be 
equated under all circumstances with the so- 
called x-wave. Auerbach and Burian’ as- 
sumed this to be the case. Schubert® sum- 
marily rejected their interpretation, stating 
that the differential construction of the elec- 
troretinogram suggested by them was wrong 


because of faulty measurement (Ausmes- 


sung) of the x-wave. 

Best® has confirmed the findings of ae 
bach and Burian, using red stimuli of in- 
creasing intensity, and following up, as they 
did, the behavior of the electroretinogram 
throughout dark adaptation with a white 
stimulus light. While Best is, therefore, in- 
clined to agree that the first positive elevation 
is in fact the x-wave, he points out correctly 
that the continued increase in size of: the 
first positive elevation during dark adapta- 


*It must be pointed out that at the time this ob- 
servation was made we measured the b-wave from 
the iso-electric line, not from the trough of the 
a-wave. When it is done in the latter fashion—and 
this has now been our practice for quite some years 
'—the effect is not invariably found. 


tion, and especially the rapid change in rate 
of this increase after the 11th minute, would 
indicate that both the photopic and the sco- 
topic activity contribute to the appearance of 
the x-wave. However, if this explanation is 
correct, it introduces another complication, 
namely that we must assume the existence of 
quick acting scotopic responses in addition to 
the well known slow acting ones. 

One wonders what elements might be giv- 
ing this response. Also, it will be hard to an- 
swer the question, when the first positive ele- 
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Fig. 2 (Burian and Spivey). Plot of average 
amplitudes of the components of the single flash 
electroretinograms at four intensity levels of the 
stimulus. Note the inversion of the quantitative 
relationship of the components of the I, and I: 
level, compared to levels and 
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Fig. 3 (Burian and Spivey). Tracings demon- 
strating effect of light adapting flashes of short 
duration cn electroretinograms of normal - dark- 
adapted human eye. Column A: last electroretino- 
gram prior to flash. Column B: first electroretino- 
gram following the flash. Note progressive reduction 
of be-wave, as well as of a- and h-waves, with 
corresponding progressively “photopic” appearance 
of electroretinogram and “isolation of x-wave.” 


vation becomes an “x-wave,” unless it is true, 
as Armington’® thinks, that the x-wave is 
a specific “red’’ response, not an over-all 
photopic response. Consider for example 
such an experiment as the one reported by 
Burian,** in which dark adaptation was in- 


terrupted by light adapting flashes of varying 


duration (0.05” to 0.5”). The first electro- 
retinogram following the bright flash showed 
a definite change in size and shape compared 
with the last electroretinogram preceding the 
flash. With increasing duration of the light 
adapting flash the “photopic” character of 


j 
| sec. 


Amplitude of -wave 


the electroretinogram following it became 
increasingly prominent (fig. 3). Has the b,- . 
wave already become an “x-wave’’ with the 
light adapting flash of 0.1” or.only with. the 
0.3” flash? | 

Regardless of the solution to this problem, 
there is ample evidence that the b-wave is 
composed essentially of twa peaks and that 
these peaks can be differentially affected, 
depending on the condition and state of 
adaptation of the eye and on the parameters 
of the stimulating light. 


2. EFFECT OF TWIN STIMULI ON THE FIRST 
ELECTRORETINOGRAM 


At no intensity could a second. electro- 
retinogram be elicited by twin flashes with a 
15 and 20 msec. delay interval; very much 
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Fig. 4 (Burian and Spivey). Plot of average 
amplitudes of be-waves of first electroretinogram 
with single flash and with double flashes of) in- 
creasing flash delay at intensities LF: and I,. Note 
that for double flashes with short flash delays there 
is an increase in effective light intensity causing 
flashes at intensity I.F. to increase the amplitude of 
the b:-wave, whereas such flashes at intensity IL 
reduce the amplitude of the b:-wave. 
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TABLE 2 | 


AVERAGE AMPLITUDES IN nV OF COMPONENTS OF FIRST ELECTRORETINOGRAM AND OF 
B-WAVE OF SECOND ELECTRORETINOGRAM FOR STIMULUS INTENSITY LF: 


First Electroretinogram 
Single flash | 334+3 122+14 Electroretinogram 

15 40+.4 173+21 
20 33+ 4 176419 — 
30 37+ 4 172 +17 
40 30+ 6 173+15 
60 9 170 +24 
.80 33+ 6 148 +17 
eo 90 30+ 0 135+ 6 — 

a 100 37+ 7 139411 27+ 6 

120 334 7 137+22 47+ 9 

150 33 +10 135+23 83'+ 10 


longer intervals were needed to obtain a sec- 
ond electroretinogram with the two lower in- 
tensity levels. However, even when no sec- 
ond electroretinogram appeared, twin stimuli 
had a definite effect on the first electroretino- 
‘gram (fig. 1, tables 2 to 5). 
At I,F. the electroretinograms produced 
by 15 to 50 msec. delay interval flashes 
showed a considerable increase in the ampli- 
tude of the b.-wave (maximal over 50 per- 
cent, fig. 4) ; the bi-wave was not affected. 

At I, there was an increase in the b,-wave 
with 15 and 20 msec, flashes and a decrease 
in the b.-wave; at I, and Ii. there was under 
these circumstances a decrease of both the 
_ and be-waves. | 

As the interval between the flashes was 
lengthened, the be-wave tended to return al- 


most fully to its original amplitude with IF: 
stimuli (fig..4) ; with the three higher inten- 
sities it fell at first and then rose slowly, but 
never reached its original height, possibly 
because of the light adapting properties of 
the stronger stimuli (fig. 4). The b,-wave 
fell at I, and I,. with flashes of 15, 20, and 
30 msec. delay intervals and then remained 
throughout on the same level. 

One may conclude from these findings that 
twin flashes with short delay intervals simply 
act by effectively increasing the stimulating 
light intensity. Thus such twin flashes pro- 
duce a larger b2-wave with low intensities 
(but are not strong enough to affect the b,- 
wave or to cause the appearance of an a- 
wave) ; they inverse the relationship of the 
first and. second positive components for 


TABLE 3 
AVERAGE AMPLITUDES IN nV OF COMPONENTS OF FIRST ELECTRORETINOGRAM AND OF 


B-WAVE OF SECOND ELECTRORETINOGRAM FOR STIMULUS INTENSITY I, 


o 


First Electroretinogram | Second 
Electroretino- 
al az bi be gram 
Single Flash 97+19 107 +16 +24 403 +16 
15 97 +13 120411 403+11 |  383+20 
o 20 83+14 107 +10 392 +22 370/+ 24 ir 
= 87 +12 90 +10 370+10 | 370/425 
40. 90 +11 100 + 10 363+17 376+ 8 
a 60 83+ 8 107+ 6 390 + 23 386 +16 st 
70 87 +15 100+ 9 393 +19 399 +20 13413 
s 80 90 +14 103+ 8 393 +18 393 +12  -23+18 
100 87 +22 103 +13 376 +23 380 +27 43 +28 
sg 120 87+ 9 97 +10 396 +25 380 +27 73+24 
S248 100+ 9 386 +24 383 +21 103+14 


~ 


+ 
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TABLE 4 
AVERAGE AMPLITUDES IN nV OF COMPONENTS OF FIRST ELECTRORETINOGRAM AND OF 
B-WAVE OF SECOND ELECTRORETINOGRAM FOR STIMULUS INTENSITY I, 
First Electroretinogram Second 
Electroretino- 

ay ae bi be gram 

230 +18 233 +86 479 +24 443+13 

223 +13 240+ 6 459+27 413442 

213 +10 230+ 6 446 +24 383 +50 

206 +15 214+ 8 436 +28 390 + 60 ee 
213415 220+ 5 443 +30 416 +32 23+10 
. 206 + 10 206+ 5 446 + 30 426 +53 31+17 
213+14 2164101 446433 420 +53 50 +30 
203 +18 213+11 446 +26 406 +59 63 +31 
209 + 12 216+13 450 +30 416 +64 93+41 
200 + 20 210 +18 446 +33 406 +68 133 +43 
216+ 5 220+ 7 450+24 410+53 170 +43 


intermediate intensities, and create supra- 


maximal stimuli for. high intensities. These 
results may again be interpreted in terms of 


a differentiation of the photopic and scotopic 
components of the electroretinogram. 

An intensity effect of twin flashes i$ also 
evident from the series of electroretinograms 
for the “dark-adapted” eyes reproduced by 
Mahneke,? although he draws no attention to 
this fact. Judging from his reproductions, 
the b-wave measured for very short flash 
intervals roughly 500 »V, whereas for flash 
intervals of over 100 msec: it measured about 


330 uV. 
3. THE SECOND ELECTRORETINOGRAM 


The appearance of a second electroretino- 


gram with twin flashes in relation to the 
duration of the delay interval depends upon 
the intensity: of the flashes: the weaker the 
intensity, the Jonger must be the interval (ta- 
bles 2 to 5 and fig. 5). | 

At intensity I,F, a second electroretino- 
gram was recorded in all records with a 100 
msec. flash delay; in two records there was 
evidence of a second electroretinogram with 
a 70 msec. flash delay and in four with a 80 
msec. flash delay. 

At intensity I, a second electroretinogram 
was recorded in all records with a 70 msec. 
flash delay; in four records there was evi- | 
dence of a second electroretinogram with a 
60 msec. flash delay. : 

At intensity I, a second electroretinogram 


TABLE 5 
AVERAGE AMPLITUDES IN nV OF COMPONENTS OF FIRST ELECTRORETINOGRAM AND B-WAVE 
OF SECOND ELECTRORETINOGRAM FOR STIMULUS INTENSITY lis 
First Electroretinogram Second 
Electroretino- 
ay ae b; be gram 

Single Flash 276 +17 262 +29 456447 433 +63 

. 15 266+25 | 240 +43 410+67 406 + 57 — 

20 280 + 16 273 +18 423 +60 403 +43 

30 270 +17 260 + 32 426 +50 396 +70 — 
Sie 40 276+21 263.427 409 + 80 406 + 80 24+ 4 
> , 60 266 + 16 253 +22: 400 +70 403 +47 50 + 32 
= 70 256 + 28 250 + 32 393 + 80 400 + 80 47+28 
80 270 +22 250 + 25 403 + 83 403 +57. 63 +34 
s 100 263 +19 253+22 393 +83 390 +60 90 + 32 
= 120 273+24 269 +29 396 + 84 396 + 50 130 +24 
= 150 273+21 260 + 31 396 + 83 403 + 80 160 + 22 
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ERG 
Fig. 5 (Burian and Spivey). | 
Second electroretinogram produced 4 ; Stim 


witlr twin flashes at intensity LF, 
(upper row) and I, (second and _, 

third row). Note that the shapes of 

the second electroretinograms re- ERG 
main essentially unchanged at LF: 

whereas their shape differs greatly 

from the first clectroretmograms 

at I,. 


Stim. 


ERG 


was recorded in all records with a 40 msec. 
flash delay; in three records there was evi- 


dence of a second electroretinogram with a 


30 msec. flash delay. 

At intensity I,. a second electroretinogram 
was recorded in all records with a 40 msec. 
flash delay; in four records there was evi- 
dence of a second electroretinogram with a 
30 msec. flash delay. 

The character of the second electroretino- 
gram was always essentially photopic, con- 
sisting of a single positive elevation with a 
sharp rise for the higher intensities but for 


flash delays of 120 and 150 msec. a very 


small positive elevation could be seen follow- 
ing the first sharp rise, representing most 
likely the first indication of a b.-wave. The 
amplitude of the second electroretinogram 
increased with prolonged flash delay, except 
for intensity I,F. where the amplitude re- 
mained at the same low level for the rela- 
tively short flash delays of 100, 120, and 
150 msec. (fig. 6). 
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Why must the flash delay be greater for 


low intensities than for high ones, in order 


that the second flash may- give rise to an 
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Fig. 6 (Burian and Spivey). Average amplitude 
of b-wave of second electroretinogram with stimuli 
of intensities I, and 


80 msec. 
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| Fig. 7 (Burian and Spivey). Electroretinograms obtained with repetitive light stimuli at intensity 
I,F;. Note that there is no change in shape, but only a reduction in size, with increasing stimulus fre- 
quency. Note also the larger size of the one and only Moctrodetmogras at frequency 10 cps which in this | 


case represented the fusion frequency. 


electroretinogram response? Low light in- 
tensities stimulate presumably the slower 
scotopic mechanism, whereas high light in- 
tensities stimulate the faster photopic me- 
chanism, It is known from the study of 
electroretinograms produced with repetitive 


flashes that the scotopic mechanism cannot 
follow fast stimulus frequencies and that the . 


fusion frequency is very much lower for 
low intensity flashes than it is for high ones. 
The requirement of a larger flash delay for 
low intensities, to elicit twin electroretino- 
grams, would seem to be readily explained on 
this basis. Nevertheless, this greater flash 
delay requirement raises certain questions 
which will be discussed in the following séc- 


tion dealing with the electroretinograms ob- 


tained with repetitive light stimuli. 


4. THE ELECTRORETINOGRAM WITH REPETI- 
TIVE FLASHES 


_ Electroretinograms were obtained with 
repetitive stimuli ranging in frequency from 
one stimulus per second/to 20 stimuli per sec- 
ond, that is, with intervals between stimuli 


from 1,000 to 50 msec. * 


We shall in this presentation pay parttcu- 
lar attention to the electroretinogram follow- 
ing the first stimulus and to the shape of the 
subsequent stimuli. 

For all recordings, regardless of the stimu- 
lus frequency, the first electroretinogram 


? 
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was always of considerably larger amplitude 
in all its component waves than were the 
subsequent electroretinograms. This was par- 
ticularly evident for the second electroretino- 
gram and increasingly so for higher stimulus 
frequencies. The second electroretinogram 
not only was lower in amplitude, but had a 
definitely “photopic” character for the higher 
intensities. The subsequent electroretino- 
grams depended for their shape and ampli- 
tude on the intensity of the stimulus and on 
its frequency. 
At LF, (fig. 7) there was, with a stimulus 
frequency of one and two cps, essentially no 
difference in either amplitude or shape be- 
tween the first electroretinogram and the sub- 
sequent ones. From the beginning a steady 
response was obtained. With a frequency of 
four cps the second electroretinogram was 
notably smaller than the first,.and all subse- 
quent electroretinograms were equal to the 
second. No difference in shape between first 
and subsequent electroretinograms could be 
noted. With increasing frequency the electro- 
retinograms which followed the first one 
became progressively smaller and fusion was 
soon obtained—with eight or 10 cps. This is 
consistent with the low flicker fusion fre- 
quency of the scotopic mechanism. It should 
. alsé be noted in Figure 7 that the amplitude 
of the one and only electroretinogram ob- 
tained with 10 cps, elicited in response to two 
_ stimuli, is considerably larger than the ampli- 


tude of the electroretinogram obtained with - 


lower frequencies. 

The electroretinograms elicited by repeti- 
tive stimuli of I, I4, and Iig are much more 
_complex: than the ones elicited with I,Fs. 
With all the higher intensities the second 
electroretinogram becdme the smaller, the 
faster the flicker, and for the frequencies cor- 
responding to those employed in producing 
twin flashes, the second electroretinograms 
encroached upon the first electroretinogram 


and were quite comparable to those described . 


in the preceding section of this paper. How- 


evér, after three, or at the most five, flashes 


the electroretinograms attained a size and 
shape characteristic for the particular in- 
tensity and particular frequency. It is essen- 
tial to note that this steady response could 
be maintained indefinitely. 


As has been mentioned before, this steady © 


response was indistinguishable from the. first 
electroretinogram for frequencies of one and 
two cps with I,F:; for higher frequencies it 


differed only in the size of the electroretino-; 


gram. ries steady responses with I, still had 
some “scotopic” characteristics: a small a- 
wave and a rounded b-wave ( fig. 8). With 
I, the a-wave was comparatively larger ; the 
b-wave became a sharp, narrow peak. At 
lower frequencies of repetitive stimuli a 
double b-wave could. still be made out, but 
the second peak quickly disappeared with 
increase in frequency (fig. 9). Finally, with 
I,6 the a-wave was larger still, the b-wave 


further reduced in height, and a trend to- 


ward a positive elevation preceding the a- 
wave could be made out (fig. 8). 

The existence of a ref ractory period which 
determines the delay i in the appearance of 


the -second electroretinogram’ with twin 


flashes, and the observations made with repe- 
titive stimuli, require an explanation. 
Granit’* concluded on the basis of his 
beautiful experiments on single fibers of the 
optic nerve of animals that the refractory 
period and the reduction in the b-wave were 
due to postexcitatory synaptic inhibition, 
whereas the appearance of larger a-waves 
with multiple stimulation resulted from a 
pre-excitatory inhibition of the off-effect. 
Dodt* has taken over these concepts of 
Granit’s and enlarged them by applying them 
to human electroretinography. In particular, 
he has shown that by suppressing the sco- 
topic activity of the human retina by means 
of flicker the photopic activity can be brought 
out, including the presence of an off-effect. 
Adrian” offered a different explanation. 
Calling attention to the reduction in the size 


of the scotopic component after the first re- . 


sponse, observed in flicker experiments, he 
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Fig. 8 (Burian and Spivey). Electroretinograms obtained with repetitive light stimuli at intensities 
I, (left column) and Ike (right column). Note in the I, records the relatively small a-wave and the rela- 
tively large b-wave which is rounded in shape (prevalence of bs-wave). At I: the a-wave is larger, the 
b-warre smaller, peaked i in shape ( of wave). 


stated that it was presumably due to the light- 
adapting effect of the first flash. This finding 
suggested to Adrian a dependence on photo- 
chemical factors. He added, however, that 
the rate of recovery might well depend on 
neural factors also. Adrian found further- 
more that with the use of blue light the 
responses did not become progressively 
smaller, but that after the first few flashes 
the responses attained a steady value “as 
though the retina discharged its accumulated 
reserves at the first stimulus, but could then 
revert to a state of dynamic equilibrium 
where the supply keeps pace with the de- 
mand.” 

This view has much to attract the ophiiad: 
mologist, fitting, as it does, so well with 
what we know about the origin of the retinal 
potentials and with many observations in 
clinical electroretinography. Experimentally, 
a close correlation of photochemical processes 
and size and shape of the electroretinogram 
has been demonstrated in the recent work of 
Dowling and Wald** who showed that there 
exists a remarkable parallelism between the 


electroretinographic threshold and the rho- 
dopsin content in the retinas of vitamin A- 
deficient rats. 

One feels justified, therefore, to explain 
the observations with twin flashes of light 
and with repetitive light stimuli by the con- 
tent in photopigments of the retinal sensory 
elements. 

The amount of photopigments i in the sen- 
sory retinal elements available under speci- 
fied conditions would seem to be fully capable 
of accounting for the observations made with 
double light flashes and_ repetitive light 
stimuli. The delay required for the appear- 
ance of the second electroretinogram, the re- 
duction in size and change in shape of the 
second electroretinogram are readily ex- 
plained by it. The attainment, with repetitive 
stimuli, of the steady dynamic equilibrium 
spoken of by Adrian,’® characterized by 
electroretinograms typical for each level, hav- 
ing larger a-waves and smaller b-waves with 
progressively higher intensities and greater 
frequencies, causing an ever more’ light 
adapted state of the eye, further indicate that 
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Fig. 9 (Burian and Spivey). 
Electroretinograms obtained with 
repetitive stimuli at intensity I. 
Note that a constant response is 
established in each record after one 
(one cps) to six or seven (15 and 
. 20 eps) stimuli following the first 

most immediate reduction in the | 
bs-wave, as well as the steady re- | 

duction in size of the and bi- ~ ERS 


waves, with progressively higher 


m 


2C.ps. 


_ frequencies of stimulation. Note, 4cps. : 7cps. 
lastly, that the second electroretino- . | 
grami with seven, 10, 12, 15, 20 cps Stim. 


agrees well with the electroretino- 


grams obtained with the double | | | 
flashes of the roughly corresponding ERG 


flash delays of 150, 100, 80, 70, 50 


msec. 1Ocps. i2cps 
ERG 
i5cps. 20 c.p.s. 
L 


the size and shape of the electroretinogram frequently a-waves of 200 to 250 pV in 
depend on the level of available photopig- normal eyes. Also, Dodt stated that the op- 
ments, resulttng from their bleaching and re- _ timal frequency to elicit the maximal a-wave 
synthesis. | was eight to 10 cps. Greater or smaller fre- 
In considering the results of our study, it quencies would give a-waves of smaller size. 
must be kept in mind that it was performed Dodt has explained this observation by the 
with stimuli of extremely short duration (10° fact that the optimal condition for the pro- 
microseconds, according to the manufac- duction of an a-wave is given when the sec- | ; 
turer) and very high intensity. This may well ond stimulus arrives at the peak of the off- 
explain discrepancies between our findings effect, basing himself on Granit’s view that 
and those of other observers. Dodt' found it _ the a-wave is an expression of the pre-excita- 
necessary, for instance, to reduce the scotopic tory inhibition of the off-effect. From our 
activity by flicker, in order to obtain maximal __ results it would appear that the size of the a- . 
a-waves of 100 » V. A-waves of comparable wave with repetitive stimuli may very well 
size were never observed by him either with also be simply a function of stimulus inten- 
single or double flashes. With our photo _— sity. A comparison of the a-waves obtained 
stimulator a-waves of 100» V are common-_ with light flashes of I, Iy, and lig (figs. 8 
place and with higher intensities we obtain and 9) would certainly point in this direction. | 
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SUM MARY 

This report is concerned with a study of 
twin light flashes and repetitive light stimuli 
on the human electroretinogram of five 
young subjects. 

An analysis of the electroretinogram ob- 
tained with the single flashes allows one to 
attribute once again the first and second 
positive elevations to the photopic mechanism, 
the sécond negative and positive elevations to 
the scotopic mechanism. 

To elicit a second electroretinogram with 
twin flashes longer flash delays are required 
for low intensities than for higher ones, 
Even if no second electroretinogram is pro- 
duced by twin flashes with short delay inter- 
vals, the second flash does have an effect on 
the first electroretinogram: ‘at low flash in- 
tensities the second flash caused the total 
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intensity to be effectively increased ; at inter- 
mediate flash intensities the quantitative re- 
lationship of the first and second positive and 
negative components of the electroretinogram 
was reversed ; at high intensities supramaxi- 


mal stimuli were created. 


After the first few flashes, repetitive stim- 
uli give rise to a steady response which is 
characteristic for each level of intensity and 
frequency. In general, the electroretinograms 
obtained with higher stimulus intensities and 
greater stimulus frequencies are more com- | 
plex and tend to assume a more and more 

“photopic” character. 

The authors favor an explanation of the 
observed phenomena based on the depend- 
ence of the electroretinogram on photochemi- 
cal processes. 

University Hospitals. 
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AUTONOMIC INNERVATION OF THE CILIARY BODY* 


MODIFIED THEORY OF ACCOMMODATION 


Davip G. FLemine,' Pux.D. 
Cleveland, Ohio 
AND 
James L. Hatt, Pu.D. 


Lawrence, Kansas 


One of the more interesting and contro- 
versial aspects of ocular physiology in recent 
years has been the relative importance of 
parasympathetic and sympathetic portions of 
the autonomic nervous system on visual ac- 
commodation. As early as 1801 Young" pro- 
_ posed that changes in the refractive power 
of the eye were brought about by changes in 
the radius of curvature of the crystalline 
lens, and not by changes in eyeball axial 
length, corneal curvature or position of the 
lens. The Young hypothesis was rediscov- 


ered by Helmholtz? who strongly cham- 


pioned this mechanism of refractive change. 
The “Helmholtz theory of accommodation,” 
which is almost universally accepted, today, 
i that when the eye accommodates for a 
near object, the ciliary muscle contracts, op- 
posing the elastic force of the choroid layer, 
decreasing the tension exerted by the sus- 


pensory ligament on the lens capsule thereby : 


allowing the elastic forces of the capsule to 
mold the lens to a more spherical form.* 
‘This action of the ciliary muscle results 
when it is stimulated by the oculomotor 
nerve, part of the parasympathetic system. 
The role and relative importance of the 
sympathetic system in controlling accommo- 
dation has been less clearly delineated. Since 
_ Horner’s* initial observation in 1869, it has 
been known that individuals with long 
standing cervical sympathetic lesions evi- 
denced no apparent alteration of distance 
accommodation. This phenomenon is in con- 


* This investigation was completed in.the De- | 


partments of Physiology and Anatomy, University 
of Kansas. This work was supported by a grant 
from the U. S. Public Health Service, National 
Institute of Neurological Diseases and Blindness 
(B-716). 

Present address: Lamp Division, General 
tric Company, Nela. Park, Cleveland 12, Ohio. 


287 


trast with the findings of Morat and Doyon® 
who reported that stimulation of the cervical 
sympathetic nerve will result in a decrease in 
refractive power of the eye as well as pupil- 
lary dilation. These results have been veri- 


fied many times over by Cogan*® and Mor- 


gan and Olmsted.’ The latter authors ob- 
served that an excited rabbit becomes hyper- 


opic. Repeating this experiment on human 


subjects they found that most individuals 


become hypermetropic when subjected to a 


sudden startling stimulus.*® 

This flattening of the crystalline lens oc- 
curs as part of the generalized sympathetic 
response, dilated pupils, elevation of blood 
pressure, decreased skin resistance and an 
inerease of heart rate. Morgan, Olmsted and 
Watrous® verified the observations that cer- 
vical sympathetic stimulation decreased the 
refractive power of the eye in cats, dogs and 


monkeys. In addition, sectioning the oculo-— 


motor nerve in the cat augmented this re- 
sponse. Olmsted and Morgan Stated that 
similar results were obtained when photo- 
graphs of the Purkinje-Sanson images were 
used to determine changes in refractive 
power resulting from sympathetic stimula- 


tion.’ Fleming and Olmsted** determined 


the immediate effects of superior cervical 
ganglionectomy on the refractive power of 
the eye in cats: and rabbits. ‘They reported 
that there is an immediate increase in re- 
fractive power in the eye on the side of the 
lesion, but that this difference becomes insig- 
nificant after several days. In addition the 
sympathetically innervated portion of the ac- 
commodative mechanism develops a super- 
sensitivity response to intravenously admin- 
istered epinephrine: ‘five a after denerva- 
tion. 

The experimental results regarding the 
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effects of sympathetic stimulation are quite 
well documented, however, there is consid- 
erable dispute regarding the actual mecha- 
nism involved. 3 

Henderson™ first proposed that the ciliary 
muscle was innervated by both sympathetic 
and parasympathetic nerve fibers, but had 
little experimental evidence on which to base 
his conclusions. Kuntz, Richins, and Casey** 
advanced a theory which maintained that the 
action of the sympathetic system on accom- 
modation was mainly inhibitory. They be- 
lieved that all the nerve fibers acting directly 
to alter the refractive power of the lens 
came from the parasympathetic system via 
the oculomotor nerve. They concluded that 
the third cranial nerve contained parasym- 
pathetic fibers with adrenergic endings and 
that the cervical sympathetic nerve acted on 
the mid-brain to inhibit the oculomotor 
nerve. 

This hypothesis was weakened by the ex- 
perimental results of Melton, Parnell and 
Brecher** who stimulated the long and short 
ciliary nerve fibers in enucleated, perfused 
cats eyes. These investigators observed dif- 
ferent patterns of ciliary muscle contraction 
when the long and short ciliary fibers were 
stimulated. They concluded that in all likeli- 
hood the ciliary muscle had direct, dual in- 
nervation. In an attempt to resolve the 


enigma that stimulation of the cervical sym- — 


pathetic nerve brought about negative accom- 
modation, while ablation of the same nerve 
produced only a transient increase in refrac- 
tive power the following series of experi- 
ments were undertaken. 


MATERIALS AND METHODS 


An experimental procedure was devised 
to investigate the gross and microscopic 


changes which take place within the eye as | 


the result of prolonged unilateral sympa- 
thetic stimulation with and without parasym- 
pathetic ablation. Twenty-nine cats were em- 
ployed as the experimental animals. 

The exposed cervical sympathetic nerve 
on one side in nemibutalized cats was stimu- 
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lated with rectangular pulses of 10 millisec- 
onds’ duration at a rate of 20 per second and 
of sufficient iatensity to maintain maximal © 


_ dilitation for a three hour period. At the end 


of this interval and while the stimulus was 
still being applied, both eyes were fixed in 


_vivo by infusing a four-percent aqueous lead 
_subacetate solution through the corneas into 
‘the anterior chambers. This resulted in an 
almost immediate fixation’ of the anterior 
segments bilaterally. The eyes were enu- 
_cleated and immersed in the fixative for 24 
hours. 


The eyes were wrdsheed and infiltrated with 
dilute gelatin solutions from two to 10 per- | 
cent, blocked, and hardened with McManus 
fluid under refrigeration and sectioned at 20 
micra on a sliding microtome. 

Sections were stained with the toluidine 
blue method of Richins and Hall.° In a 
series of six animals the ciliary ganglion was 
extirpated from the right eye. After allow- 
ing adequate time for recovery, the cervical 
sympathetic trunk was stimulated on the con- 
tralateral side as described above. The eyes © 
were removed after in vivo fixation with 
four-percent aqueous lead subacetate solu- 


tion. 


Lead subacetate fixation, is a further mod- 
ification of Hess and Hollanders**® toluidine 


blue method. for metachromasia. Benzene 


was substituted for acetone by Richins and 
Hall. Lead subacetate proved to be an excel-- 
lent fixative for this study since pupillary 
action could be instantaneously “fixed.” It 
is essential for the best results, however, that 
this solution be made CO, free mead boiling 
before use. 

In a parallel procedure the superior. cervi- 
cal sympathetic ganglion was extirpated uni- — 
laterally in six cats. The animals were al- 
lowed to recover and the} contralateral cer- 
vical sympathetic trunk was electrically stim- 
ulated. The eyes were fixed in vivo, removed 
and treated as the other tissues. 

The oculomotor nerve was cut intracrani- 
ally on one side in three animals and after 
time for recovery the cervical sympathetic 
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trunk on the contralateral side was exposed 
and stimulated. The standard procedures de- 
‘scribed above were followed. 

In animals used as sham stimulated con- 


trols one from each of the surgical groups — 


produced by the above procedures was se- 
lected. After adequate time for recovery 
from surgery which was usually three to 
_ four weeks the cervical sympathetic trunk 
was exposed on the contralateral side under 
nembutal. The electrodes were placed in con- 
tact with the trunk but the stimulus was not 
applied. The animals were kept in this posi- 
tion for three hours simulating the experi- 
mental techniques. The eyes were fixed in 
vivo and handled in the same manner as the 
experimental tissues. Sections from the two 
eyes were mounted on the same slide and 
stained simultaneously. 


RESULTS 


SUPERIOR CERVICAL GANGLIONECTOMY 


In 11 nembutalized cats just the exposed 
cervical sympathetic nerve was stimulated. 
The ipsilateral pupil dilated maximally while 
the pupil in the contralateral eye constricted 
maximally (fig. 1). This represents a con- 
tra-consensual pupillary response which 
could not be overridden or modified by vary- 
_ing the level of light entering either or both 
eyes. As described in the method above both 
eyes were perfused within minutes of each 
other and retained their relative pupillary 
diameters. It was possible to observe a di- 
lated pupil in the fixed, enucleated eye on the 
stimulated side in a constricted pupil and its 
mate. 

Saggital sections eyes using the 
toluidine blue method revealed a flattened 
lens on the stimulated side, and a rounded 
spherical lens on the contralateral unstimu- 
lated side. The ciliary body in each of the 
two eyes demonstrated a marked degree of 
activity, as indicated by a color change from 
blue to green of the ciliary muscles. This 
change in color apparently indicates altered 
metabolic activity elicited by stimulation. 
These changes in staining characteristics 


were demonstrated in autonomic ganglia fol- 
lowing preganglionic stimulation by Richins 
and Hall.** Their ability to prevent and con- 


trol this response in neurones of the su- 
perior cervical ganglion by using various 


drugs established this method as a research 
tool. 

Our findings in the present investigation 
seemed to justify further use of this method. 
The ciliary body in both eyes showed the 


same relative degree of activity, although the 
cervical sympathic nerve was stimulated on 


one side. Localization of activity within the 


‘ciliary muscle was not possible. Blood ves- 
‘sels within the ciliary body in the stimulated 


eye showed a marked degree of constriction 
while those in the contralateral eye appeared 
dilated. 


CILIARY GANGLIONECTOMY—CERVICAL SYM- 
PATHETIC STIMULATION 


In those eyes with the ciliary ganglion 
removed a dilated pupil and a flattened lens 
were observed (fig. 2). In the contralateral 


‘eye which was stimulated sympathetically 


similar responses were demonstrated but to 
a greater degree. Histological examination 
of the stained anterior segments of both eyes 
revealed marked activity on the stimulated 
side with little or no activity in the eye 
which had been previously parasympatheti- 
cally denervated. 


Fig. 1 (Fleming and Hall). Photograph taken 
while the cervical sympathetic trunk on the right 
side is stimulated. Note dilitation of right pupil and 
constriction of the left. Nictitating membrane of 
left eye is retracted, with a ligature. 


4 
4 
| 


Fig. 2 (Fleming and Hall). Effects of extirpa- 
tion of the right ciliary ganglion. Cat is still under 
the effects of surgical anesthesia. Note dilitation of 
right pupil. 


SUPERIOR CERVICAL GANGLIONECTOMY— 
CERVICAL SYMPATHETIC STIMULATION 


In a subsequent procedure the superior 
cervical ganglion was removed on one side, 
and the animals were allowed to recover for 
variable periods of time ranging from sev- 
eral days to two years (fig. 3). The cervical 
sympathetic nerve on the contralateral side 
was stimulated. Sections of the eyes showed 
marked differences. The lens was flattened 
in the eye on the stimulated side while on 
the unstimulated side the lens had a smaller 
radius of curvature. The vessels in the cili- 


ary body on the side stimulated showed 


marked constriction as compared to those in 
the body of opposite eye. The ciliary bodies 
of both eyes showed approximately the same 
relative degree of metabolic activity. 


THIRD NERVE LESION—CERVICAL SYMPA- 
THETIC STIMULATION 


The animals that had the third nerve sev- 
ered intracranially presented the same histo- 
logical picture as those with the ciliary gan- 
glionectomy. These results were expected 
since they represented the same essential 
procedure except for the fact that there was 
no trauma within the orbit itself. 


CONTROLS 

One cat from each of the experimental 
surgical groups and a normal animal were 
subjected to sham stimulation for three 
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Fig. 3 (Fleming and Hall). Cat with unilateral 
extirpated superior cervical ganglion. Note the 
Horner’s syndrome on the right side which was of — 
two years’ duration in this animal. 


‘hours of the cervical sympathetic trunk on 


the intact side. Color changes observed de- 
viated from the controls only in the eyes on 
the denervated side. The ciliary body of the 


normal animal showed slight blue to green 


color changes. 


Fig. 4a (Fleming and Hall). Photograph through 
blood vessels of the ciliary body. Appearance of 
blood vessels after three-hour stimulation of the 
cervical sympathetic nerve on the same side. Note 
the markedly constricted blood vessels. An intense 
color-change was observed. (Magnification 1250.) 
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Fig. 4b (Fleming and Hall). Photograph through 
blood vessels of the ciliary body. Appearance of 
blood vessels of the body after three-hour stimula- 
tion of the cervical sympathetic nerve on the op- 
posite side. A good blue-green color change was 
present but the vessels’ diameters were of the same 
order of caliber as the controls. (Magnification 
1250.) 


Fig. 4c (Fleming and Hall). Photograph through 
blood vessels of the ciliary body. Dilated arteriole 
24 hours after extirpation of the superior cervical 
ganglion ipsilaterally. -The cervical sympathetic 
nerve was stimulated contralaterally for three hours. 
A blue to green color change was still present. 
(Magnification « 1250.) 


Fig. 4d (Fleming and Hall). Photograph through 
blood vessels of the ciliary body. Blood vessels of 
the ciliary body in an eye with parasympathetic 


denervation (ciliary ganglionectomy). Cervical 
sympathetic nerve stimulated on the contralateral 
side for three hours. Blood vessels were of the same 
order of magnitude as controls. There was a com- 
plete absence of color change. (Magnification 


< 670.) 
DISCUSSION 


Prolonged stimulation of the cervical sym- 
pathetic nerve on one side elicited color 
changes from blue to green in the ciliary 


‘ body of both eyes. Constricted blood ves- 


sels in the body, however, were seen only 


in the eye stimulated. To test for the possi- 


bility of reflex parasympathetic stimulation 
of the ciliary muscle in the eye on the con- 
tralateral side through a central mechanism, 
the ciliary ganglion was extirpated unilater- 
ally in six cats and the oculomotor nerve was 
sectioned unilaterally in three additional ani- 
mals. In both of these groups with parasym- 
pathetic lesions the color changes in the de- 
nervated eyes were markedly inhibited as 
compared to the non-lesion animals. 

Eyes removed from a control anesthetized 
animal subjected to no prior surgical trauma 
exhibited basal metabolic activity as deter- 
mined on the basis of this staining technique. 


A MODIFIED THEORY OF ACCOMMODATION 


As stated in the introduction, the prob- 
lem of sympathetic action on accommodation 
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was still to be resolved. A theory of sympa- 
thetic action on accommodation should fit the 
following data: 

a. The system responds to direct sympa- 
thetic stimulation with an increase in nega- 
tive accommodation. 

b. Humans and animals with 
long-standing lesions of the cervical sympa- 
thetic system as seen in Horner’s syndrome, 
do not manifest alterations of distance ac- 
commodation in either eye. .Cogan,’* how- 
ever, has reported that patients with cervi- 
cal sympathetic lesions exhibit a greater ac- 
commodative amplitude in the eye on the 
side with the lesion. In addition, Morgan® 
states that the administration of amphe- 


tamine sulfate will cause a reduction of ac- 


amplitude. 

. Stimulation of long and short ciliary 
fibers produces a difference in the pattern of 
ciliary muscle contraction while ablation of 
the superior cervical ganglion causes only a 
transient increase in refractive power. 

d. The histophysiologic data reported in 
the present paper led to the conclusion that 
sympathetic stimulation caused constriction 
of the blood vessels in the ciliary body while 
ablation of the same nerve will cause a 
‘rapid dilation of the blood vessels in the cil- 
iary body. In addition'there was some evi- 
dence that different segments of the muscle 
responded to sympathetic and parasympa- 
thetic stimulation. 

On the basis of the foregoing body of in- 
formation the following hypothesis was de- 
veloped: 

The primary mechanism for the control of 
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accommodation is through the action of the 


oculomotor nerve on the ciliary muscle as 
conceived in the original Young-Helmholtz 
theory. In addition the sympathetics alter ac- 
commodation in one and perhaps two ways. 
Most of the sympathetic nerve endings in | 
the ciliary body terminate in the walls of 
blood vessels. When the sympathetics are 
stimulated the blood vessels constrict de- 
creasing the blood volume of the ciliary . 
body. Since the body is firmly: fixed to the 
sclera at its outer margin, a decrease in 
body size results in an increase in the ten- 
sion exerted by the suspensory ligament on 


‘the lens capsule and an ultimate decrease in 


the refractive power of the lens. Conversely 
when the cervical sympathetic system is in- 
terrupted there is an immediate decrease in 
vasomotor tone and an increase in ciliary 
body blood volume. This reduces the tension 
exerted by the zonule and an increase in the 
refractive power of the lens. After several 
days there is the return of the inherent mus- 
cle tone in these blood vessels. and this is 
common to denervated vascular structures in 
many parts of the body. 

The selective color changes in the ciliary 


muscle produced by direct stimulation of the 


cervical sympathetic nerve as well as the data 
of Melton, Purnell and Brecher indicates 
that there might be an additional direct ac- 
tion of the sympathetic system on parts of 
the ciliary muscle, and that the muscle pos- 
sesses some degree of dual innervation. 
Lamp Division, 
General Electric Company, 
Nela Park. . 
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Dr. Jutta T. Aprer, Chicago: Several aspects 
of this paper are indeed ingenious and commend- 
able. The method of fixing. the eyes of experimental 
animals while the iris is actually responding to some 
stimulus will be copied by many others engaged in 
_ similar work. I also am interested in the differen- 
tial staining of stimulated and unstimulated areas 
in the ciliary body. However, I would like to point 
out some drawbacks in any method that attempts 
to demonstrate function of a nerve pathway by elec- 
trical stimulation ef that pathway. 


When a ganglion is stimulated by an electric. 


current, several types of events are set off: (1) 
A shock artefact travels both centrifugally and cen- 
- tripetally in all fibers connected to the ganglion 
without regard to whether these fibers are normally 
afferent or efferent; (2) an action potential similar 
to a normal action potential may follow the shock 
artefact but this will travel down the nerves in the 
normal direction and it is capable of initiating a 
normal response in the end organ. There is good 
reason to believe that such a normal action poten- 
tial is set off by only specific kinds of electric 
stimuli; (3) action potentials entirely different 
from the normal ones may be initiated and would 
then produce in the end organ responses of an ab- 
normal nature. The shock artefact, too, would in- 
duce abnormal responses in the end organ since it 
would act simply like an electric shock to the end 
organ and not like a normal nerve impulse. 

When electrical stimulation is used on nerves, 
the shock artefact is always present although it 


DISCUSSION 


can be minimized with an isolation unit. Other er- 


rors inherent in electrical stimulation may be re- - 


duced if parameters of current are chosen that in- 
itiate action potentials indistinguishable from the 
normal action potential, that is, the potential usually 
preceding the observed response in the end organ. 
If the form of the action potential normally initiat- 
ing the response is an unknown quantity, then we 
must be cautious, indeed, about interpreting the re- 
sponse induced by an arbitrarily chosen electric 
shock stimulus. 

In this presentation I did not notice any mention 
of an isolation unit. What is more, I know that ac- 
tion potentials have never been observed in the sym- 
pathetic ganglia during changes in ciliary muscle 
activity in cats. Therefore, we must assume that 
some of the responses in these animals were due to 
direct electrical stimulation of the ciliary body and 
were not necessarily mediated through the sym- 
pathetic ganglion. Even the responses described 


here in the contralateral eye could be explained by _ 


retrograde transmission of the electric shock to 
the hypothalamus and thence down other autonomic 
pathways to the unstimulated side. 

Previous work indicates that further work is 
certainly necessary to elucidate the control the 
‘orthosympathetic system may have over accommo- 
dation. Therefore I certainly would wish to en- 
courage these workers who recognize this need. 
However, the limitations of the methods used here 
should be kept in mind before making interpreta- 
tions of the data. | 


EVALUATION OF ANTERIOR AND POSTERIOR TRABECULODIALYSIS* 


ANGELos DELLAPORTA, M.D. 
San Francisco, California 


In a previous report’ two procedures, the 
anterior and posterior trabeculodialysis, 
were described by which the corneoscleral 
trabeculum can be detached from its bed 
leaving Schlemm’s canal anatomically open. 

In the present paper a comparison is made 
between the two methods and the attempt is 
undertaken to evaluate statistically the ana- 


tomical results obtained. For this study the 


serial meridional sections of 58 cases oper- 
ated with anterior trabeculodialysis and of 
63 cases operated with posterior trabeculo- 
dialysis were used. 


COMPARISON OF OPERATIONS | 


Technically, both operations are easy to 
perform successfully, though in my experi- 
ence posterior trabeculodialysis is generally 
a smoother procedure than anterior trabecu- 


lodialysis. The following points in particular 


should be mentioned here: 

1. In anterior trabeculodialysis when per- 
forming the sweeping movements, the 
treated sections of the iris and the pupil are 
drawn by the blade of the angulated spatula 
toward the angle of the anterior chamber. 
Though the iris usually slips back spon- 
taneously, gentle massage at the limbus with 
a blunt instrument such as a strabismus hook 
is sometimes necessary until it recovers its 
normal position. 

2. In anterior trabeculodialysis dette the 
sweeping movement of the blade the actual 


detachment of the corneoscleral trabeculum 


is felt by the fingers holding the handle of 
the spatula. The sensation is that of passing 
over a narrow furrow, that is, Schlemm’s 
canal, with the edge of the blade. During the 
last (third) sweep in this procedure the tip 


*From the Division of Ophthalmology, Depart- 
ment of Surgery, Stanford University School of 
Medicine, San Francisco. This investigation was 
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of the blade sometimes becomes entangled 
in the scleral tissue, most probably at the 
posterior aspect of Schlemm’s canal near 
the scleral spur and cannot be rotated fur- 


ther. If the movement is forced it is natural 


that the sclera will be injured but this can 
be avoided by retracting the blade 1 to 1.5 
mm.; the tip of the blade becomes disen- 
tangled and the sweep can be then easily 
completed. 

The situations described under para- 
graphs 1 and 2 do not occur in posterior tra- 
beculodialysis. 

3. In anterior trebecuiodlalyids owing to 
anatomic variations of the width of the lim- 
bus, the blade of the spatula has to be ro- 
tated and carried up to four mm. posterior 
to the limbus in order to assure that the cor- 
neoscleral trabeculum has been reached ‘and 
treated by the active edge of the blade. Thus, 
it is inevitable that the separation of the-cili- 
ary body is wider and the possible postoper-_ 
ative irritation of this structure might be 
greater than in posterior trabeculodialysis. 

4. As mentioned above, the blade of the 
spatula must be carried sufficiently back in 
to the subchoroidal space otherwise it is ob- 
vious that there would be no effect on the 
structures of the angle. In some sections of 
this series the corneoscleral trabeculum was 
found detached from its anterior insertion 


near Descemet’s membrane while still at- 
tached to the scleral spur; the ciliary body 


also remained attached to the scleral spur 
so that no subchoroidal cleft was formed 
(figs. 1 and 2). This incomplete anterior tra- 


beculodialysis would theoretically be the 


ideal trabeculodialysis since the aqueous can 
reach the outer aspect of Schlemm’s canal 
and no coincidental cyclodialysis occurs. It 
is, however, most probable that in such a 
case the corneoscleral trabeculum would re- — 
attach to its bed due to the postoperative irri- 
tation however slight this might be. Besides, 
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Fig. 1 (Dellaporta). Incomplete anterior trabeculodialysis: where ciliary body and base 
trabeculum remained attached to the scleral spur but Schlemm’s canal is anatomically open. Arrow indi- 
cates the previous anterior attachment of the corheoscleral trabeculum. In this case the aqueous humor has — - | | 
free access to the outer aspect of Schlemm’s canal. Well visible endothelium of Schlemm’s canal. Section 
derives from random segment of an eye quadrant treated by anterior trabeculodialysis. _ 


of corneoscleral 


ialysis as in Figure 1. 


Fig. 2 (Dellaporta), Similar anatomic result of incomplete trabeculod 
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Fig. 3 (Dellaporta). Incomplete posterior trabeculodialysis where the corneoscleral trabeculum re- 
mained attached to its anterior attachment at Descemet’s membrane while ciliary body and the base of 
the corneoscleral trabeculum had been separated. In this case the aqueous humor will not have free access 
to the outer wall of Schlemm’s canal. Arrow indicates the posterior end of Schlemm’s canal. Section 
derives from random segment of an eye quadrant treated by posterior trabeculodialysis. 


it would be technically almost impossible to 
obtain consistently the desired anatomic 
effect. | 

An incomplete anatomic result due to a 
too short sweep of the blade into the an- 
terior chamber is more unlikely to happen 
in posterior trabeculodialysis because in this 


method the exact position of the blade be- 


fore withdrawing it is visualized through the 
cornea. However, an incomplete posterior 
trabeculodialysis was seen histologically in 
some slides of this series. The corneoscleral 
trabeculum remained adherent to its anterior 
attachment at Descemet’s membrane even 
though ciliary body, scleral spur and the base 
of the corneoscleral trabeculum had been 
separated from the sclera (fig. 3). In such 
a case in spite of the anatomical formation 
of a subchoroidal cleft there would be no 
free communication between anterior cham- 
ber and Schlemm’s canal or between anterior 
chamber and subchoroidal space. Thus, the 


aqueous humor would not reach the outer 
aspect: of Schlemm’s canal. These variations 
of incomplete anterior or posterior trabecu- 
lodialysis were observed histologically in this 
series only in sections which derived from 


random segments of some eye quandrants. 


COMPARISON.OF ANATOMIC RESULTS 


Table 1 shows the anatomic results ob- 
tained with anterior or. posterior trabeculo- 


dialysis using either the original angulated 


spatula or the thin angulated spatula men- 
tioned previously.* 

Table 1 indicates that the total percentage 
of successes, that is, anatomic opening of 
Schlemm’s canal (figs. 4A and 4B) is almost 
identical in the two operations, being 95 per- 
cent in anterior trabeculodialysis and 94 per- 
cent in posterior trabeculodialysis. 

The results obtained with the original an- 
gulated spatula in the operation of anterior 


trabeculodialysis were consistent enough to 
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TABLE 1 
RESULTS WITH ANTERIOR OR POSTERIOR TRABECULODIALYSIS 
ATD PTD 
Instrument Used No. of No. of Success- No. of No. of Success- 
: | Operations ful Operations Operations ful Operations 
Original angulated spatula —-§2 49 32 28 
(94%) (87.5%) 
Thin angulated spatula 6 e235 31 31 
3 (100%) (100%) 
Total . 58 55 63 59 . 
| (95%) (94%) 


consider this instrument suitable for the suc- 
cessful performance of this procedure so 
that further investigations were considered 
superfluous. 


Out of the 32 operations of posterior tra- 


beculodialysis performed with the original 
angulated spatula, 28 were successful, rep- 
resenting a success percentage of 87.5 per- 
cent which, although high, was not as good 
as that obtained in anterior trabeculodialysis. 
_ The reason for this difference in results is 
probably the fact that in posterior trabecu- 


lodialysis the corneoscleral trabeculum: is 


protected by the prominence of the scleral 


spur because the blade of the spatula ap- 
proaches it from behind. This is especially 
true when this prominence is higher than 
average and the edge of the blade is thick 
enough to glide over the scleral spur. In an- 
terior trabeculodialysis the scleral spur does 
not interfere with the actual detachment of 


the corneoscleral trabeculum since the blade | 
approaches the latter from the anterior 


chamber. Having in mind that posterior tra- 
beculodialysis performed with spatula 
whose blade was a rod, was consistently un- 
successful in previous experiments,’ it was 
theorized that a blade thinner than that of 


Fig. 4A (Dellaporta). Anatomic results of a typical trabeculodialysis. The corneoscleral trabeculum 
has completely detached and remains clinging to the anterior end of the ciliary body. Schlemm’s canal 


(between arrows) hds been converted into a shallow furrow. 


? 
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Fig. 4B (Dellaporta). Higher magnification of Schlemm’s canal from Figure 4A. Note intact 
endothelium lining the outer wall of Schlemm’s canal. | 


Fig. 5 (Dellaporta). Posterior trabeculodialysis pe 
spur (s) has been separated together with the detached corneoscleral trabeculum. Schlemm’s canal be- 
tween arrows. Anterior to the latter the posterior corneal surface is denuded of Descemet’s membrane 
and corneal endothelium and shows a rough surface (sc). 
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the original angulated spatula might be more 
successful in anatomically unfavorable cases. 
A new angulated spatula was constructed 
with a considerably thinner blade but not a 
sharp active edge. With it, 31 operations of 
posterior trabeculodialysis were performed 
and all proved to be anatomically successful 


(table 1). These improved results were, in © 


my opinion, due to the fact that a prominent 
scleral spur will be detached together with 
the corneoscleral trabeculum by the thin 
edge of the new spatula (figs. 5:and 15) 
whereas the thick original angulated spatula 
would have glided over it. (With the thin 
angulated spatula six successful operations 
of anterior trabeculodialysis were performed 
and these cases were for statistical pur- 
poses added to the 52 anterior trabeculodial- 
ysis performed with the original angulated, 


spatula since they showed almost identical 
anatomical results). 


HISTOLOGIC FINDINGS IN THE 
UNSUCCESSFUL CASES 


The study of the histologic slides of these 
cases showed the following: | 
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1.'In two cases (both anterior trabeculo- 
dialysis) the cause of the failure was obvi- 
ously poor technique. Some of the tissue of 
the separated ciliary body was found cling- 
ing to the scleral spur, indicating that owing © 
to insufficient pull on the handle of the spat- 
ula or owing to improper position of the 
blade of the spatula during the sweeping 
movement, the active édge of the blade did 
not reach the corneoscleral trabeculum (figs. 
6 and 7). 

2. In one case (posterior trabeculodialy- 
sis) Schlemm’s canal was deepset in the 
scleral tissue and could probably not be 
reached by the active edge of the blade. 

3. In the remaining four cases (one an- 
terior trabeculodialysis, three posterior tra- 
beculodialysis) the cause of failure was his- 
tologically not obvious. It seems that ana- 
tomical variations, that is a relatively deepset 
Schlemm’s canal in three cases and a rela- 
tively prominent scleral spur in the fourth 
case (fig. 8) played some role, but there 
were also signs of poor technique as de- 
scribed above under paragraph 1. It js my 
impression that with a thinner blade these 


Fie. 6 ( ARS Unsuccessful trabeculedinkiels due to as operative technique. Some of the tissue 
of the ciliary body (c) remained attached to the scleral spur (s) indicating that the active edge of the 


blade did not reach the corneoscleral trabeculum. 


> 
| 


last four cases would have been successfully 


operated. This opinion is supported by the 
fact that many eyes with similar anatomic 
variations in the canal.of Schlemm and the 
scleral spur, were successfully operated and 
by the excellent (100 percent) results ob- 
tained when using a thinner blade. 

‘In summary, the cause of unsuccessful 
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Fig. 7 (Dellaporta). Unsuccessful trabeculodialysis as in Figure 6. 


surgery might be listed in the following 


order of importance: ‘ 


1. Inadequate instrument: (a) improper 
angulation of the blade of the spatula, (b) if 
the edge of the blade of the spatula is thick 
the corneoscleral trabeculum might not be 
detached. 

2. Poor operative technique: (a) incor- 


Fig. 8 (Dellaporta). Unsuccessful posterior — ae probably due to the prominent scleral spur: 
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rect position of the blade of the spatula dur- 
ing sweeping movements; (b) insufficient 
pulling of the handle of the spatula during 
the sweeping movements. 

3. Anatomic causes: (a) Prominent scle- 
ral spur; this would obviously interfere 
more in. posterior trabeculodialysis than in 
anterior trabeculodialysis; (b)  deepset 


Schlemm’s canal in the scleral tissue. This : 


would interfere equally in anterior trabecu- 
lodialysis or posterior trabeculodialysis. 

My personal impression is that for a suc- 
cessful trabeculodialysis the most important 
single factor is the proper angulation of the 
blade of the spatula. Whatever the causes of 
failure were in these cases it seems that they 
do not occur often and specifically not twice 
in the same eye. All seven failures were ob- 
served in only one quadrant of any given 
eye, the other three quadrants showing a de- 
tached corneoscleral trabeculum. The 12% 
cases redorded here represent 121 quadrants 


belonging to 31 eyes (three quadrants ‘could 


not be evaluated because of poor histologic 


technique). Therefore, in 23 out of a |total 


of 30 eyes, the corneoscleral trabeculum was 
found detached in all four quadrants; in 
seven eyes the corneoscleral trabeculum had 
been separated in only three quadrants. This 
means that the second operation in any of 


these seven eyes was successful. Theoreti- 


cally, one might then conclude that trabecu- 
lodialysis performed in one half of the cir- 
cumference of the angle will open Schlemm’s 
canal in any given eye. 


VARIANTS FROM THE TYPICAL 


In several specimens after anterior trabec- 
ulodialysis operation the detached corneo- 
scleral trabeculum was found folded back 
into the subchoroidal cleft (fig. 9). This is 
easily explained by the sweeping:of the blade | 
of the spatula from the anterior chamber 
into the subchoroidal space. It is reasonable 
to assume that in a living eye the corneo- 
scleral trabeculum owing to its normal elas-— 


Fig. 9 (Dellaporta), Detached corneoscleral trabeculum folded back into the subchoroidal space caused. 
by the sweep of the blade of the spatula after anterior trabeculodialysis, Outer aspect of Schlemm’s 


canal (s-s’) bare of endothelium. 


‘ 


ticity would return to its normal position. In 
occasional slides the corneoscleral trabecu- 
lum had detached from its base at the scleral 
spur, and was disconnected from the ciliary 
body but still clinging to its anterior attach- 
ment at the end of Descemet’s membrane with 
Schlemm’s canal open (fig. 10). 

In contradistinction to the typical com- 
plete separation of the corneoscleral trabecu- 


Fig. 11 (Dellaporta). Trabecu- 
lectomy. This condition is occasion- 
ally found after anterior or poste- 
rior trabeculodialysis. Since the 
cleft in the trabeculae is quite wide, 
it is unlikely to close and therefore 
the functional result of trabeculec-— 
tomy would be identical to trabecu- 
lodialysis. In both cases the aqueous 
will have free access to the outer 
aspect of Schlemm’s canal and the 
collector channels. 
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Fig. 10 (Dellaporta). Corneo- 
scleral trabeculum detached from 
its bed and from the ciliary body 
but still clinging on to Descemet’s 
membrane. The shallow Schlemm’s | 
canal is open, its endothelium in- 
tact. Condition after posterior tra- 
beculodialysis. 


lum found after trabeculodialysis some cases 
(anterior trabeculodialysis or posterior tra- 
beculodialysis) showed the anatomic result 
of a trabeculectomy with the anterior and 
posterior ends of the trabeculae adherent to 
their original positions whereas the main 
part of the corneoscleral trabeculum was de- 
tached (fig. 11). In other cases the anatomic 
picture of trabeculotomy was seen with only 
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Fig. 12 (Dellaporta). Trabecu- 
lotomy occasionally found after 
posterior or anterior trabéculodial- 
ysis. It is probable that such a 
small slit of the trabeculae will 
close again by reapposition of the 
trabecular fibers and therefore the 
aqueous humor will not reach the 
outer aspect of Schlemm’s canal. 


a narrow slit along the trabeculae (figs. 12 


and 14). These findings can be explained by 


anatomic variations of the form and position 
of Schlemm’s canal and the covering trabec- 
ulae. This explanation is supported by the 
fact that in the serial sections of some 
specimens the transition of a still closed 
Schlemm’s canal into a trabeculotomy and 


4 


i 


then into a trabeculodialysis could be fol- 


lowed histologically (figs. 13.and 14). It is 
obvious that if the trabecular slit is wide the 
functional result would be the same as in a 
typical trabeculodialysis whereas in case of 
the narrow slit Schlemm’s canal will prob- 
ably close again by reapposition of the tra- 
beculae. 


Figs. 13 and 14 (Dellaporta). These photographs show successive serial sections of the same specimen 
and illustrate the transition of a still closed Schlemm’s canal (fig. 13) into a trabeculotomy (fig. 14). 
This indicates that occasionally, due to anatomical variations the corneoscleral trabeculum is not detached 


in the whole area of the operation. 
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Fig. 15 (Dellaporta). Posterior trabeculodialysis with the thin angulated spatula. The scleral spur (s) 
has been detached together with the corneoscleral trabeculum (c). The inner lumen of Schlemm’s canal 
is open, the outer lumen shows a trabeculotomy. Endothelium of Schlemm’s canal is lining the inner wall 


of the outer lumen (e-e). 


In some instances Schlemm’s canal was 
found in the meridional sections to consist 
of two lumens the innermost of which was 
opened but the outermost still closed or very 
rarely showing a trabeculotomy. At first this 
gives the impression of an unsuccessful tra- 
beculodialysis but the tracing of endothelium 


identical to that lining Schlemm’s canal on 
the innermost wall (figs. 15, 16A, and 16B) 


of the second lumen proves the above men- 
tioned anatomical result. 


ANATOMIC SIDE-EFFECTS OF 
TRABECULODIALYSIS 

CILIARY BODY | | 
The very nature of trabeculodialysis 
makes it unavoidable that a limited cyclo- 
dialysis is produced at the operation. This 
cyclodialysis is for reasons already men- 
tioned slightly wider in anterior trabeculo- 
dialysis than in posterior trabeculodialysis. 
It was not possible to evaluate anatomically 


é 


the width of the cyclodialysis in many cases, 
the uvea having slipped from its postopera- 
tive position because the specimens were 
treated histologically after the fixed eye had 
been sectioned into four quadrants. It is my 
general impression however that after pos- 


_terior trabeculodialysis the cyclodialysis was 


considerably less extensive than in anterior 
trabeculodialysis. 

There is no reason to believe that this 
limited cyclodialysis will jeopardize in any 
way the anatomic or functional results of the 
trabeculodialysis. Theoretically this cyclodi- 
alysis might be of benefit because it will en- 
able the relaxing ciliary muscle to pull the 
detached corneoscleral. trabeculum posteri- 


orly so that no reapposition of the latter 


over its natural bed would be possible and _ 
Schlemm’s canal will remain open. Clinical 
experience fndicates that the small subchoroi- 
dal cleft will-close very soon postoperatively 
after it has served its purpose of preventing 


\ 


Fig. 16A (Dellaporta). Corneoscleral trabeculum detached from its bed and from the ciliary body and | 
hanging on to Descemet’s membrane. Schlemm’s canal consists of three lumen, the innermost (between 
arrows) open, the middle showing a trabeculotomy and the outer being closed. See Figure 16B. 
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Fig. 16B (Dellaporta). Higher magnification showing the region of Schlemm’s canal from Figure 16A. 
Note the endothelium lining the opened inner lumen, 
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reclosure of Schlemm’s canal. From the 
point of view of the extent of the cyclodi- 
alysis produced in each. operation posterior 
trabeculodialysis has to be given preference 
over anterior trabeculodialysis. 


DESCEMET’S MEMBRANE 


Trabeculodialysis is bound to cause some 
damage to this membrane ‘and the corre- 
sponding corneal endothelium. In order to 
obtain an objective picture of the extent of 
the damage done to Descemet’s membrane 
by these two methods and by the different 
spatulas used the width of the detachment of 
Descemet’s membrane of each serial section 
of each specimen was tabulated and the re- 
sults computed. | 

The average width of the detachment of 
Descemet’s membrane was: In 55 successful 
anterior trabeculodialysis operations, 1.2 
mm.; in 59 successful posterior trabec- 
ulodialysis operations 1.9 mm. In 31 success- 
ful posterior trabeculodialysis operations 
with a thin angulated spatula, 1.8 mm. In the 
last 12 successful posterior trabeculodialysis 
operations with the original angulated spat- 
ula, 1.8 mm.; in the last 12 successful pos- 
terior trabeculodialysis operations with the 
thin angulated spatula, 1.2 mm. | 

This compilation indicates: 

1. In anterior trabeculodialysis Descemet’s 
membrane was slightly less damaged than in 
posterior trabeculodialysis. 

2. The damage to Descemet’s membrane 
in posterior trabeculodialysis was almost 
identical using the orginal angulated spatula 
or the thin angulated spatula. 

3. The last 12 successive cases of posterior 


trabeculodialysis performed with the o1igi- 


nal angulated spatula and the last 12 succes- 
Sive cases performed with the thin angul- 
lated spatula show that the latter used with 
skill and caution causes less damage than the 
original angulated spatula and not more than 
that caused in anterior trabeculodialysis. 
From clinical experience we know that 
operative detachment of Descemet’s mem- 
brane of this or even higher degree which 
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occurs occasionally in the various types of 
cyclodialysis do not cause permanent damage 
to the cornea. 


SCLERA 


It seems that in anterior trabeculodialysis 
the active edge of the blade of the spatula 
first separates he corneoscleral trabeculum 
from its attachment to Descemet’s mem- 
brane and then detaches it from the scleral 
spur. It is probable that the blade in many 
cases instead of gliding over the scleral spur 
after the detachment of the corneoscleral 
trabeculum engages in the small furrow 
formed by Schlemm’s canal and the scleral 
spur, and splits the scleral fibers which 
terminate there from the main scleral body. 
This scleral split was found in 29 out of 55 
operations of anterior trabeculodialysis and 
is usually a fraction of a millimeter long, 
(fig. 17) but in a few instances deriving 
mostly from the first operations one can see 
considerable scleral splitting as shown in © 
Figure 18. 

In the great majority of cases it is logical 


‘to assume that the short split will heal very 


soon without untoward consequences. It is 

evident that posterior trabeculodialysis by its 

very nature will not have a similar effect. 
As far as this side-effect is concerned 


‘posterior trabeculodialysis is the obvious 


choice over anterior trabeculodialysis. 

_ In eight cases out of a total of 31 posterior 
trabeculodialysis operations performed with 
the thin angulated spatula the inner surface 
of the cornea adjoining the anterior end of 
the corneoscleral trabeculum was not only de- 
nuded of Descemet’s membrane and endo- 


thelium but also scratched as if treated with | 


a knife (fig. 5). It is difficult to predict 
whether this limited injury will heal quickly 
without consequence or will cause a perma- 
nent or long-lasting edema of the corneal 
stroma with the known undesirable after- 
effects. Since these changes were not found 
in anterior or in posterior trabeculodialysis 
operations performed with the original an- | 
gulated spatula they have to be attributed to 


\ 
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Fig. 17 (Dellaporta). Anterior trabeculodialysis. Open Schlemm’s canal (ss). Posterior to it the 
displaced corneoscleral trabeculum.: Small split (arrow) of the scleral fibers at the scleral spur. The 
outer aspect of Schlemm’s canal is bare of endothelium. . : 


Fig. 18 (Dellaporta). Similar but longer split of scleral fibers at the scleral spur as in Figure 17 
after anterior trabeculodialysis. Only the posterior half of Schlemm’s canal is visible. Detached corn:o- 
scleral trabeculum hanging on the ciliary body. 
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TABLE 2 | 
DAMAGE TO ENDOTHELIUM OF SCHLEMM’S CANAL 
ATD (55 operations) 15 19 0 
Total | 36. 
PTD (S9 operations) 6 8 30 | 15 
Total 14 45 


(—) means less than one half of the endothelium of Schlemn’s canal intact. 


+) means one half of the endothelium intact. 


(+) means more than one half of the endothelium intact. 


(ft) means endothelium intact. 


A similar comparative study between the operations of PTD performed with the original angulated spatula 
and those performed with the thin angulated spatula, showed no difference in the damage done to the endo- 


thelium of Schlemn’s canal. 


the thinner edge of the thin angulated spat- 


ula. 


ENDOTHELIUM OF SCHLEMM’S CANAL 


The changes occurring in the endothelium 
which lines Schlemm’s canal and the collector 
channels are possibly of importance. There- 
fore an objective picture of the damage done 
to this tissue by the different types of trabec- 
ulodialysis operations using different spat- 
ulas was attempted. Each serial section of 
each specimen was tabulated and the com- 
puted results are shown in the following 
Table 2. 

Table 2 shows: 

1. Fifteen out of 55 operations of anterior 
trabeculodialysis showed considerable dam- 
age of the endothelium of Schlemm’s canal 
whereas only six out of 59 operations of 
posterior trabeculodialysis showed an equal 
extent of damage. : 

2. Of 55 anterior trabeculodialysis opera- 
tions 19 showed the endothelium in good 
condition, whereas out of 59 posterior tra- 
beculodialysis operations 30 showed the en- 
dothelium in good condition and 15 in excel- 
lent condition. 

The conclusion is therefore that damage 
to the endothelium of Schlemm’s canal oc- 
curs more often and is more extensive in 
anterior trabeculodialysis than in posterior 
trabeculodjalysis. 

The importance of the endothelium is 


stressed by the fact that after detachment 
of the corneoscleral trabeculum from its bed, 
Schlemm’s canal opens and the aqueous hu- 
mor is in continuous contact with the en- 


dothelium which lines the outer aspect of ~ 


Schlemim’s canal and the collector channels. 
The clinical value of trabeculodialysis in in- 
creasing the facility of outflow will be de- 
termined finally by the behavior of this 
structure undér the continuous influence of 
the aqueous humor. The aqueous humor is 
the normal medium of the trabeculae and of 
Schlemm’s canal so that theoretically one 


_ would not expect reactive changes in the in-. 


tact endothelium by which the collector chan- 
nels might close. On the other hand, if the 


endothelium is stripped away through the 


operation, reactive changes from the de- 


nuded scleral tissue or damaged endothelium — 


are possible and might close the openings of 
the collector channels. It is quite possible 
however, that this endothelium might posses 
similar regenerative capabilities as the cor- 


neal endothelium, in which case it will soon 
heal over the abraded areas. 


As far as the operative damage to the 
endothelium of Schlemm’s canal is con- 
cerned posterior trabeculodialysis is to -be 
preferred over anterior trabeculodialysis. 


CONCLUSIONS 


From this comparative study the follow- 
ing may be concluded: | 
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1. Anterior trabeculodialysis was success- 
ful in this series in 95 percent of the cases 
out of a total of 58 operations. The advan- 
tages of this method are the high rate of 
successes and the minor detachment of Des- 
cemet’s membrane. A disadvantage is. the 
coincidental damage done to the endothelium 
of Schlemm’s canal found in many cases. 

2. Posterior trabeculodialysis. performed 
with the thin angulated spatula’ was in this 
series successful in 100 percent of the cases 
out of a total of 31 operations. Advantages 
of this procedure are the excellent rate of 
successes, the minor and infrequent damage 
to the endothelium of Schlemm’s canal, and 
the minor coincidental cyclodialysis. A dis- 
advantage is the occasional damage to the 


inner surface of the cornea which might 
cause corneal edema. | 

3. Posterior trabeculodialysis performed 
with the original angulated spatula* in 32 
cases was successful in 87.5 percent of the 
operations. In’ spite of the slightly lower rate 
of successes this methods ,is, in my opinion, 
the most satisfactory. The advantages are 


the.minor and infrequent damage to the en- — 


dothelium of Schlemm’s canal, the absence 


_of damage to the inner surface of the cornea 


and the narrow coincidental cyclodialysis. 


490 Post Street (2) 


* An improved experimental model of the tra- 
beculodialysis spatula can be obtained from Par- 
sons Optical Company, 518 Powell Street, San 
Francisco 2. 
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DISCUSSION 


Dr. Kart W. AscHer (Cincinnati): I want to 
congratulate the speaker: for his excellent work. 
Performed on the living eyes his operation will 
combine the effect of a supraciliary cleft with that 
of opening the canal of Schlemm, giving access to 
its outlets. These should not be called collectors 
since they. do not collect but distribute the intra- 
ocular fluid. There is still an open question, namely 
’ whether the resistance to this fluid elimination re- 
sides in the trabeculum or in the area beyond the 


canal, Perkins showed that the pressure drop be- 


tween anterior chamber and the canal amaunts to 


only 10 percent of the whole difference between 


intraocular pressure and the episcleral veins, that 
means 90 percent of the resistance is located be- 
yond the guter wall of Schlemm’s canal. In glau- 
comatous eyes, the distribution of resistance may 
be quite different. This remark is not meant to 
minimize the value of the presentation which is 
very stimulating indeed. . 


OBSERVATIONS ON THE LENS PROTEINS ALPHA 
BETA CRYSTALLIN* 


Ropert A. RESNIK, PH.D., THEODOR Wanko. M.D., AND 


Mary ANN Gavin, 


Bethesda, Maryland 


INTRODUCTION 


The soluble lens proteins have been in- 
vestigated by means of various chemical 
techniques. *** In electron micrographs of 
lens fibers, they have been correlated with 
discrete structures seen in the cytoplasm.*** 

The purpose of the present study was the 


electron microscope observation of isolated 
alpha and beta crystallins. The information 


* From the Ophthalmology Branch, National In- 
stitute of Neurological Diseases and Blindness, 
National Institutes of Health, Public Health Serv- 
ice, U. S. Department of Health, Education and 
Welfare. 
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Figs. 1, 2, and 3 (Resnik, Wanko and Gavin). Figure 1: 0.1 percent alpha crystallin in water after 
lyophilization. Spherical particles, isolated and in smal aggregates, are seen. (Preshadowed replica, ap- 
proximately 70,000.) Fig. 2: 0.002-percent alpha crystallin in Na veronal and NaCl. Two groups with 
elongated structures in a side by side alignment are depicted in this field. (Spray on grid, approximately 


70,000.) Fig. 3: 0.01-percent beta crystallin in water. Spherical units are associated in small clumps and — 


short chains. (Preshadowed replica, approximately 70,000.) 


obtained tek this method about these two 
groups of proteins is discussed with refer- 
ence to their known characteristics. 


MATERIALS AND METHODS 
‘The soluble lens proteins were obtained, 


free of cellular elements, by centrifuging 


calf lens homogenates in 0.15 M sucrose for - 


10 minutes at 20,000 X g in a Servall cen- 
trifuge and then for two hours at 105,000 
g in a Model L Spinco preparative ultra- 
centrifuge. Samples of alpha and beta crys- 
tallin were isolated from this solution after 
they had been resolved by moving boundary 
electrophoresis: This was carried out at 
0.9°C. in a pH 8.3 veronal buffer with an 
ionic strength of 0.1. Alpha crystallin was 
also obtained by precipitation at pH 5.0 by 
adding alcohol to a concentration of 12 per- 
cent. From the resulting supernatant, the 
beta crystallins were isolated by the method 
of Francois.* The entire beta crystallin frac- 
tion, as well as the fastest and slowest mi- 
grating components obtained from electro- 
phoresis, were used. Protein concentrations 
were estimated from the optical density of 
solutions at 280 and 260 my.° Ultracen- 
trifuge experiments were performed in a 
Spinco Model FE analytical ultracentrifuge. 
Electrophoresis was done in a Model H 
Spinco electrophoresis apparatus. 


For electron microscopy solutions of alpha 
and beta crystallins were prepared in serial 
dilutions from 0.1 to 0.0001 percent, as 
single drops on grids, sprays on grids, and 
as pre-shadowed replicas from _ freshly 


cleaved mica. The following solvents were 


used: 0.15 AJ ammonium formate, 0.075 M 
sodium veronal and 0.025 M/ sodium chloride 


at pH 8.3 and distilled water. In addition to 


alpha crystallin isolated by electrophoresis, an 
aqueous Solution of a lyphilized ‘preparation 
was also investigated. All specimens were 
washed with distilled water except where am- 
monium formate or water was the solvent. 
Controls were prapared by processing the sol- 
vents alone. Specimens were shadowed with 
platinum at an angle of tangent 0.1250 and 


then coated with a thin carbon film. Electron — 


micrographs were recorded at a magnification 
of 15,500 X and photographically enlarged 
x 4.5. 


RESULTS 


ALPHA CRYSTALLIN 


Preparations containing this protein ex- 
‘(hibit a considerable variation in appearance, 
depending upon the solvent. Alpha crystallin 
in water, after lyophilization (fig. 1), and in 
ammonium formate always shows particles 
of an approximately spherical shape and 
different diameters. Aggregates of a num- 
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Fig. 4 (Resnik, Wanko and Gavin). Sedimentation patterns of alpha crystallin at pH 7.3 after 
32 minutes at 59,780 rpm. (a) In 0.1 W NaCl. (b) In water. 


ber of the individual units are seen fre- 
quently, even at the lowest concentrations. 
Elongated particles with an indication of a 
substructure can be demonstrated in speci- 
mens prepared in sodium veronal-sodium 
chloride only. They appear predominantly 
as filaments in a side-by-side arrangement 
(fig. 2). Isolated filaments with an average 
‘diameter of 32 A and of variable length are 
found occasionally. 


BETA CRYSTALLIN 


Each preparation of this fraction contains 
spherical particles. which frequently are 


grouped in monolayered sheets. In some in- 
stances, as.in. Figure 3, where the material 
is adequately dispersed, individual, small 
spheres .with an average diameter of 22 A 
are arranged in small clumps and _ short 
chains. 
DiIscuSssION 

Physical-chemical data indicate, that alpha 
crystallin is an elongated molecule of 30-70 
A in diameter. It was evident from the 
foregoing observations that alpha crystallin 


retains a structure comparable to these cal- 
culated values only under certain conditions. 


Fig. 5 (Resnik, Wanko and Gavin). Moving boundary electrophoresis pattern of the beta crystallin 
fraction of calf lens. Ascending limb after 9.5 hours. 
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The apparent variations of this protein in 


the different solvents employed can be ex- 
plained by its alteration at low ionic 
strength.* It has been established that changes 
occur in alpha crystallin at low ionic strength 
over a wide pH range. Such a -change is 
depicted in Figure 4 were the ultracentrifuge 
pattern in 0.1 M sodium chloride, pH 7.3 
and that in water at pH 7.3 are compared. 
Since these alterations may be reversed by 
increasing the salt concentration, trace 
amounts of salts might conceivably influence 
the appearance of this molecule. 

A group of about six proteins constitutes 
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the beta crystallin fraction (fig. 5). The 
physical-chemical data presently available 
are insufficient for a valid correlation with 
the electron microscopic results. Therefore, 
the only conclusion possible is, first, that 
beta crystallin appears spherical with a di- 
ameter 10 A less than alpha crystallin. Sec- 
ondly, this configuration persists regardless 
of the solvent. It occurs whether the fastest 
or the slowest moving components alone are 
used or whether the entire fraction is em- 


_ ployed. 
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PSYCHOPATHOLOGY IN ADULTS WITH UVEITIS* 


T. F. SCHLAEGEL, Jr., M.D., AND EvuGENE E. Levit, Pu.D. 
Indiana 


This study was designed to determine 
whether psychopathology is associated with 
uveitis in adult patients. Such an association 
has already been demonstrated in glaucoma, 
and has been suspected in uveitis.” | 


PROCEDURE 
This study began with 59 consecutive 


adult patients with uveitis of unselected 


types. Each patient was interviewed by a 


*From the Departments of Ophthalmology and 
Psychiatry, Indiana University School of Medi- 
cine. This study was supported in part by a grant 
from the Knights Templar Eye Foundation and by 
Grant B 1231 C from the National Institutes of 
Neurological Diseases and Blindness. 


medical caseworker of the Department of 


Ophthalmology. (The results of these inter- 


views will form the basis of a separate re- 
port.) At a subsequent visit a booklet form 
of the Minnesota Multiphasic Personality 
Inventory was administered to each patient 
by a social worker working under the super- 
vision of a staff psychologist. 

The Minnesota Multiphasic Personality 
Inventory is a well standardized psychologic — 
test consisting of 550 statements concerning 
habits, attitudes, emotions, thoughts, fears 
and general health, to which the patient re- 
sponds by indicating whether each state- 
ment for him is true or false. Responses 
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indicative of psychopathology are grouped 
into eight scales, each representing symptoms 
commonly found in persons with certain 
basic psychiatric illness. These illnesses are 
depression, hypochondriasis, and hysteria 
(the neurotic triad); psychasthenia, schiz- 
ophrenia, and paranoia (the psychotic triad) ; 
and hypomania and psychopathic personality. 
Norms for persons without emotional illness 
are well established,** and the diagnosis of 
psychopathology from the scales is based 
on these norms. 

Eleven of the 59 patients were not. used 
for the following reasons: five had vision 
too poor to co-operate, five failed to co- 
_ operate adequately, and one was not studied 
because of an administrative error. This 
provided 48 patients for this report. 


RESULTS 


* In Table 1 are descriptive data from the 
uveitis survey of the 48 adult uveitis pa- 
tients and in Table 2 the criteria used in the 
grading of the severity of involvement. 

An abnormal score on any scale of the 
Minnesota Multiphasic Personality Inventory 
is one which is two standard deviations or 
more above the average attained by normal 
individuals.* Such an abnormal score will 
occur in 2.5 percent of a random unselected 
sample. Therefore in our sample of 48, we 
would expect 1.2 individuals to score patho- 
logically high if tested on only one scale, 
and 1.2 times eight or 9.6 individuals to 
score high on any one of the eight scales. 
_ The estimate of 9.6 assumes that the scales 
are not correlated which is not true, so 9.6 
must be considered a maximum figure. 

On a basis of these calculations, our re- 
sults deviate significantly from the chance 


_ expectation. Twenty-one of the 48 individuals 


obtained a pathologic score on one or more 
of the scales (correctéd chi- fa, ce of 15.47; 
p = <0.0001). 

The Minnesota Multiphasic Personality 
Inventory also contains two scales (K and L) 
the function of which is to single out in- 
dividuals who are being evasive or defensive 


in responding to the test. It is of interest that 
of the 27 patients who did not show any 
pathology on the Minnesota Multiphasic 


Personality Inventory 20 had elevated K or L_ 


scales, or both. Only four of the 21 patients 
with pathologic Minnesota Multiphasic Per- 
sonality Inventory scales also showed these 
evidences of evasiveness. A total of 15 pa- 
tients without psychopathologic Minnesota 
Multiphasic Personality Inventory scales had 


K scale scores of 1.0 SD or more above the > 


normative mean for this scale, as compared 
with an expected frequency of 7.68 (16. 


cent) for the entire sample of 48. A cor-* 


rected chi-square is 11.72 (p <0.001). 


There thus seems little doubt that most. 


of the 27 patients in our sample avoided 
obtaining pathologic’ Minnesota Multiphasic 


Personality Inventory scale scores by de- 


fensiveness or evasiveness. In addition, we 
should mention the five patients who failed 
to complete the tests, since failure to co- 
operate is often another means of evasion. 


_ These findings suggest that the degree of psy- 


chopathology in our uveitis cases is probably 
greater than we have measured it and our 
p value was <0.0001. 

Nine patients obtained a pathologic score 
on the Hysteria and 11 on the Depression 


Scales, while six had pathologic scores on — 


the Hypochondriasis Scale. When compared 
to the expected frequency, the smallest of 
these three (Hypochondriasis) gave a chi- 
square of 15.85 (p <0.0001). In regard to 
each of the other scales we found no more 
than two patients with pathologic scores, a 
frequency which could have been due to 
chance >0.05). 


Thirteen of the 26 females ( 50% ) in the 
study obtained at least one pathologic 


MMPI scale as compared to eight of the 22 
males (36 percent). The difference between 
the frequencies of pathology for the sexes 


yields a chi-square of 0.44; (p = 0.50) 


which is not significant and indicates that 
sex is not correlated with psychopathology 
in uveitis patients. 

An analysis was made of the relationship — 
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TABLE 1 
DESCRIPTION OF THE SAMPLE OF 48 ADULT UVEITIS PATIENTS USED IN THIS STUDY 


Race & Sex Site Type Possible Etiology 
1 WM | Both Gran 3 Toxoplasmosis 
2 WM — Both Gran. 4 Toxoplasmosis 
ag CF Both Gran. 4 
4 WF Ant Nongran. 3 Rheu. Arthritis 
5 WM Both Gran. 1 -—— 
7 WM Both Gran. 3 Toxoplasmosis 
8* WM Post Gran. 3 Toxoplasmosis 
10* WF | Post Gran. — 
WM Ant. Gran. 2 
12* WF- Post. Gran. 2 ~~: 
13 WF Both Gran. 3 — 
14 WF Ant. Gran. 1 — 
15* WF Both Gran. 3 Toxoplasmosis 
16 CM Ant. Gran. 1 Tuberculosis 
17 WM Ant Gran. 1 
18 WF Post Gran. ee Histoplasmosis 
20 WF Post Gran. 2 Tuberculosis 
2° > WF Ant Nongran. 1 — 
23 WM Post Nongran. 3 --- 
25° CF Post ran. 2 —- 
26* WM Ant. Nongran. a Tuberculosis 
28 WM Post. ran. 3 . — 
29 WM Both Gran. 1 
30* WM Post Gran. a. Tuberculosis 
WM Ant Nongran. 3 
WF Ant Nongran. 3 
33 WF Ant. ran. 2 Tuberculosis 
34 WF Both Gran. 3 — 
35* es Ant. Nongran 2 — 
30° WF Ant Gran Heterochromic cylitis 
37* WF Post Gran. ee — 
38 WF Post Nongran 1 Histoplasmosis 
40 WM Post ran. 2 Tuberculosis 
41* WF Ant. Gran. 2 — 
42* WF Both Gran. 4 Toxoplasmosis : 
45 WF Both Nongran 2 — q 
47 WM. Ant. ran. se Heterochromic cylitis | 
48 WF Post Gran 0 — | 
49 WM Both Gran 2 Toxoplasmosis 
50* WM Post Gran 3 | _— 
51 WF Both Gran 3 — 
WM Post Gran. 2 — 
53 WF Ant. Nongran. 3 — 
54 WM - Ant. Nongran. 1 — 
a WF Both. Gran. 3 Toxoplasmosis 
57 WM . Both. Gran. 4 — 
60 WF Both Gran. 
61* WF Both. Gran. 2 — 


* Patient had at least one psychopathologic MMPI scale. 


Tt 4 is most severe. 


There were originally 59 


uveitis patients+2 controls = 61. 


between site of the involvement (anterior, 


posterior, both) and psychopathology scores. | 


Trichotomous, analysis gave a chi-square of 
2.24; (p <0.30). Since involvement of the 
anterior segment in chorioretinitis is usually 
due to a spill-over from’ or a reaction to* the 
posterior inflammation, we then grouped 
patients with involvement of both segments 


with those with involvement of the posterior 
segment alone and constrasted them with the 
patients with‘ anterior involvement alone. 
This dichotomous analysis gave a chi-square 
of 0.10 or a p of 0.75. We may thus conclude 
that site of involvement is not correlated 
with psychopathology in uveitis patients. 
The relationship between the type of in- . 
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‘TABLE 2 


CRITERIA FOR GRADING OF 
SEVERITY OF UVEITIS 


Anterior Uveitis Grade 
Flare, cells, and keratic precipitates of mild 


Flare, cells, and’ keratic of mod. 
erate degree | 2 


_ Vision 20/200 or worse and/or flare, cells and 
keratic precipitates or moderately severe degree 3 


Vision worse than 20/200 and flare, cells, and - 
keratic precipitates of severe degree sa 4 


Posterior Uveitis 


Small chorioretinitis with little or no vitreous 
haze and little or no reduction in visual acuity 1 


Moderate-sized chorioretinitis with some vit- 
reous haze and some reduction in visual acuity 2 


Vision of 20/200 or worse with moderate-sized 
chorioretinitis and moderately severe vitreous 
east Usually unable to see the fundus 3 


Vision worse than 20/200 to no light perception. 
Severely cloudy media. Includes cases with sec- 
ondary cataract and phthisis bulbi 4 


flammation (granulomatous or nongranulo- 
matous ) and psychopathology revealed a chi- 
square value of 0.00, giving a p of 0.99 which 
indicates that the type of inflammation is not 
correlated with psychopathology. 


The correlation between severity of eye 


involvement and of psychopathology was 
determined by dividing the patients into 


those cases with at least one pathologically 


high MMPI scale and those cases with nor- 
mal records, and computing a biserial cor- 

relation coefficient with the ratings of sever- 
ity of eye involvement ranging from 0 to 4. 
The mean severity rating for the normal 


group is 2.15 while that for the patients with © 


psychopathology is 2.48. This biserial co- 


efficient was 0.21 which does not differ. 


significantly from O and thus the severity of 
eye involvement is not correlated with psy- 
chopathology. 

Seven (37 percent) of the 19 cases in 
which the etiology of the uveitis was diag- 
nosed and 14 (48 percent) of the 29 cases in 
which the etiology was undiagnosed obtained 
pathologic Minnesota Multiphasic Personal- 


ity Inventory scales. The difference is sugges- 
tive, but not significant (corrected chi-square 


= 0.23, p = .62). 
| COMMENT 


The data clearly show a significant inci- 
dence of in our adult pa- 
tients with uveitis. 

While a correlation does not indicate 
causation, the data suggest that psychopath- 
ology could be a factor underlying the devel- 
opment of uveitis. 

The absence of relelioniie between psy- 
chopathology and severity of eye involve- 
ment is suggestive of the role of psychogenic 
factors in the pathogenesis of uveitis. If 
uveitis caused the psychopathology we would 


_ expect psychopathology to occur more fre- 
quently in those patients with the severest . 


uveitis but this was not true. 


The lack of correlation of the severity of. 


psychopathology with sex, type of inflamma- 
tion (granulomatous or nongranulomatous ), 
site of involvement (anterior, posterior or 
both), severity of- involvement, or etiologlic 
diagnosis. would indicate that psychic factors 
may be involved in any case of uveitis and 
not just in certain types. 

It is our tentative hypothesis that two fac- 
tors Operate concurrently to result in uveitis: 
(1) and agent (such as a bacterium, virus, 
or allergen) and (2) some type of external 
stress or internal psychopathology. It is to be 
emphasized, however, that this is a tentative 
hypothesis which must be tested by further 
study. 

Another possible explanation of the data 
is. that both psychopathology and uveitis 
may have a common organic origin, and this 
possibility is supported by the recent experi- 
mental studies on the simultaneous produc- 


tion of and uveitis by the 


same allergen.” 


CONCLUSION 


In a study of 48 adults, uveitis and psy- 
chopathology were found to be related. The 
significance of this relationship is not yet 
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understood, and, therefore, it should not be between uveitis and psychologic factors may 
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interpreted necessarily that psychopathology _ prove fruitful. 


is involved in the pathogenesis of uveitis, 
since it is not known which is cause and which 
is effect or whether the relationship is due to 
some common cause. These results do sug- 
gest that further study of the relationship 


REFERENCES 
1. Hibbeler, H. L.: Personality patterns of- white adults with primary glaucoma. Am. J. Ophth., 30: 


181, 1947. 
2. Schalegel, T. F., Jr.: 
3- Welsh, G. S., 
medicine: Minneapolis, Univ. Minn. Press, 1956. ° 


4. Manual for the Minnesota Multiphasic Personality Inventory. Revised by S. R. Howes Ph.D., 


and J. C. McKinley, M.D., 1951. 


5. Woods, A. C.: Endogenous Uveitis. Baltimore, Williams & Wilkins, 1956. 
6. Hogan, M. J., Thygeson, P., and Kimura, S.: Personal communication. . 
7. Fog, E., and Bardram, M.: Experimental disseminated encephalomyelitis and iridocyclitis in pigs. 


Nord. Med., 49:851-855, 1953. 
8. Bullington, S. J., 
litis: 


1958. 


Psychosomatic Ophthalmology. Baltimore, Williams & Wilkins, 1957, Dp. 249, 
and Dahlstrom, W. G. (editors): Basic readings on the MMPI ‘in psychology and 


and Waksman, B. H.: Uveitis in rabbits with experimental allergic encephalomye- 
Results produced by injection of nervous tissue and adjuvants. Arch. Ophth., 59:435-445 ( Mar.) 


West Michigan Street 


We wish to thank Mrs. Evelyn Dunbar, M.A., 
medical caseworker of the Department of Ophthal- 
mology, for the administration of the Minnesota 
Multiphasic Personality Inventory test in this study, 


DISTRIBUTION OF RADIAL CONTRACTILE FORCES 
IN THE IRIS OF CATS* 


T. Apter, M.D. 
Chicago, Illinois 


Among the contractile forces in the iris 
of mammals there is one capable of narrow- 
ing the distance between the pupil margin 
and the attachment of the root of the iris to 
the sclera. This force has been repeatedly 


demonstrated by stimulation of isolated iris. 


sectors both in situ? 8, 11, 12, 22, 23, 25, 27, 32, 37, 42 
and in vitro.’ 8, 14, 15, 16, 17, 18, 19, 20, 21, 24, 26, 30, 32, 
53, 28,42 However, the precise location in 
the iris of the structure giving rise to this 
force has never been established. It has 
simply been assumed that the force arose in 
the so-called “dilator pupillae,” although this 
structure is not typically muscle in appear- 
ance.* 12, 13, 23, 25, 28, 29, 31, 35, 37, 38, 40, 42,46 On the 


other hand typieal muscular fibers extending 


*From the Departments of Physiology and Oph- 
thalmology, Northwestern University Medical 
School. This study was supported in part by grant 
B-1177, U. S. Public Health Service, and in part 
by the Illinois Department of Public Welfare. 


_In view of the ambiguous histologic evidence, 


meters behind the limbus (fig. 1). Following 


in the radial direction have been described 
in both the sphin¢ter pupillae and the ciliary 
muscles connecting the iris to the sclera.*** 


the crucial test for locating radial muscles in 
the iris is. the physiologic one—the develop- 
ment of active terision in response to appro- 
priate stimulation. It is the purpose of the 
present study to explore the distribution of 
radially-directed contractile forces in the i iris : 
of cats, using this physiologic test. 

The eyes of cats were removed under 
nembutal anesthesia and the cornea was 
immediately cut away one and one-half milli- 


this procedure, the pupil assumes the shape 
of a'1.0 by 5.0-mm. oval. Slits one to 1.5-mm. 
long were cut through the thickness of the 
iris in the radial direction in three different 
areas: the sphincter area, root area and inter- 
mediate between them. The iris segment ex- 
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Line of ettechwent 


of te setere 


Fig. 1 (Apter). Cat iris with cornea and corneo- 
scleral junction removed. Whole iris and its root, 
overlying the ciliary body, is exposed. Slits (solid 
radial lines) were cut through the iris in three loca- 
tions in the lateral iris and in two locations at the 
apex of the pupil. The iris segment surrounding the 
slits was removed by cutting with a de Wecker 
scissors ’on the dotted line.. Segments from the 
sphincter, middle and root portions of the iris are 
thus isolated. 


tending 2.0 mm. around the slit was ex- 
cised (fig. 1). The solid line is the slit and 
the dotted line is the outline of the excised 
segment. The excised segments were sus- 


pended horizontally bétween two hooks in a - 


bath containing an artificial medium (fig. 2). 
A tris (hydroxymethyl) buf- 
fered aerated mammalian Ringer’s solution 
- containing 200 mg. percent of glucose was 
used, commonly at about 15°C., where the re- 


sponses of known muscle specimens were | 
most active.*® One hook could be manipulated — 


laterally to induce stretch. The other hook 
was attached to the lower free end of a 
straight ribbon of spring steel, the upper 
end of which was firmly fixed. Displacement 
of the free end of the spring displaced a 
beam of light reflected from a mirror at- 
tached to the spring. This system was cali- 
brated with weights over the range of 10 to 
100 mg., the range appropriate to active 
forces developed by iris segments. 

After the segment was placed over the 
hooks, it was stretched carefully by means of 
the adjustable support until a small resting 


force of 20 to 25 mg. was registered by the 


strain gauge. Stimulation consisted in adding 
mecholyl or adrenalin to the surrounding 
medium or in applying electrical stimulation 
via the two supporting hooks connected to a 
Grass stimulator. Each drug was applied in 
graded doses and the steady state tension 
induced by each dose was recorded to ob- 
tain a dose-response curve. For electrical 
stimulation the Grass stimulator supplied 


a 60-cycle alternating current of graded — 


voltage. **" * Here too, the steady state 
contractile force was measured and plotted 
against the stimulating voltage. The most 
important item in this apparatus is the seg- 
ment of iris tissue. Its components must be 
known. 
The anatomic constituents of each seg- 


ment were regulated by careful selection of 


the areas for placing slits and by subsequent 
microscope examination of the excised seg- 
ments. A diagrammatic cross-section of 


the iris (fig. 3) shows that the sphincter 


pupillae was present in the specimens taken 
from the portion ef the iris nearest to the 
pupil. There are numerous circumferential 
fibers in this muscle and also some radial 
fibers in its spoke bundles. In the middle 
region there is only the dilator pupillae with 
alleged muscle fibers running—radially. His- 
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Fig. 2 (Apter). Iris segment is suspended on two 
platinum hooks placed through the slit.; See text. 
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tologists maintain that the “dilator pupillae”’ 
has muscular characteristics’ only in this 
intermediate region of the iris although its 
two layers appear to be continuous with simi- 
lar layers under the sphincter and in the cili- 
ary body. In the root region the fiber bundles 
of the ciliary muscle are arranged circumfer- 
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Fig. 3 (Apter). Schematic di- 
agram of a cross-section of the 
lateral cat iris showing the arrange- 
‘ment of muscle fibers in the sphinc- 
ter pupillae and ciliary muscles and 
the location of the so-called dilator 
pupillae. 


entially as well as radially. By placing radial 
slits in pupillary, root and intermediate 
portions of the iris, the contraction of radial 
hbers of sphincter, ciliary and dilator mus- 
cles were tested separately. What is more, 
the contractile power of the several muscles 
could be quantitatively compared since the 


RADIAL FORCES IN CAT IRIS 


FORCE 


mt 
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* Figs. 4A, 4B, and 4C (Apter). Relation 
between the strength of stimulus and the 
amplitude of active force developed by seg- 
ments of iris, Each plot is a mean value. 
(See Figure 5 for number of specimens 
tested in each region.) Range of responses 
is shown except in the electrical stimulation 
curves in Figure 4C. In.this instance the 
range of root responses overlaps the range 
of sphincter responses. The range for these 
two areas‘is of the same order of magnitude 
(+0.8 mg.) for electrical stimulation as for 
drug stimulation. In the middle region no re- 
sponses to stimulation were measured in any 
of 33 specimens. : 
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Fig. 5 (Apter). Summary of 
forces (in mg.) developed in seg- 
ments of iris tissue to three kinds 
_ of stimulation. Active tension was 
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registered only in areas that con- 


DILATOR PUPILLAE 


tain radial muscle fibers of the or- XY 
dinary smooth muscle type. No ten- 


sion was developed in segments con-! STIMULUS 
taining the so-called dilator. pupillae. 
MECHOLYL 
ADRENALIN 
CURMENT 


specimens were of similar size and all were 


tested at the same resting tension.* ® 43 . 


44, 45 


Figure 4A shows the set of curves illus- 
trating the dose-response relationship for 
changes in radial tension induced in each area 
by adrenalin. All specimens were set at an 
- initial resting tension of 23 mg. In the 
_ sphincter region the tension dropped ; in the 
root region the tension rose; and the middle 
area did not respond at all. Mecholyl (fig. 
4B) and electrical stimulation (fig. 4C) gave 
similar dose-response curves with the plateau 
at maximal response. 

The table in Figure 5 lists the maximal 
changes in radial tension in mg. induced by 
each drug and by electrical stimulation for 
each area of the iris. Please keep in mind 
that these are in the radial direction alone. 
A positive change in tension denotes con- 
traction, a negative change indicates relax- 
ation. The sphincter region contracted to 
mecholyl and to electric current but relaxed 
to adrenalin. The root portion of the iris 
contracted equally both to mecholyl and to 
adrenalin, but with greater force to electric 
current. The middle portion did not respond 
either to drugs or to electrical stimulation. 


Examination of the microscopic anatomy 


Sphincter . 
Mean q 
Force Farce 
Change No, Change 
23.5 13 
il 3 5,90 


Middie Region 


of .the iris indicates that radial forces 


developed only in the areas where there are 
identifiable radial muscle fibers. The radial 
spoke bundle of the sphincter and the radial 
fibers in the ciliary muscle are probably the 
source of the contractile forces in the pupil- 


lary and root areas. On the other hand, con- . 


tractility could not be demonstrated in the 


so-called “dilator pupillae.”’ 


- SUMMARY 


The procedures 'we have used are capable 


of measuring the amplitude of contractile. 
These methods have 
demonstrated radial contractile forces in the. 
pupillary third of the iris and therefore 


forces in the iris. 


implicate the radial spoke bundle of the 
sphincter pupillae. Similarly, in the root the 


identified radial contractility is probably | 


due to action of the radial ciliary muscle. 
In the intermediate region, however, where 
only the dilator pupillae was present, there 
was no evidence of contractility at all. There- 
fore, it is concluded that radial contractility 
in the iris arises in the sphincter and ciliary 


muscles and not in the so-called dilator pu- 


pillae. 
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DiscUSSION 


L. M. N. Bacu (Tulane New Or- 


Jeans): First of all, 1 want to offer my congratu- — 


lations and gratitude to Dr. Apter for her splendid 
presentation. It is not often that we have the op- 
portunity to hear about such elegant and succinct 
experiments. Personally, I have been waiting for a 

g time to see the evidence which she has so ably 
presented because I have never been convinced 
about the contractile properties of the so-called 
radial musculature of the iris. 

It is indeed strange that scientists have accepted, 
for so many years, the rather curious statement that 
the “myoid” elements of the radial musculature are 
the only examples of muscle tissue which does not 
have a mesodermal origin. This statement, in itself, 


should have prompted someone to examine its val-" 


idity. 

When we examine the origin and nature of the 
so-called radial musculature of the iris, it becomes 
immediately apparent that the iris is‘simply special 
development of the photomechanical devices used by 
more primitive forms. Thus in frogs and fishes, it 
is possible to describe small myoid-elements in the 
pigment epithelium of the retina which retract the 
rod or cone elements in response to various levels 
of illumination. Through the phylogenetic scale,. we 


see that this mechanism is gradually replaced by an 


extension of the pigment epithelium beyond the 
ciliary body to form irides of different types. De- 
pending on the environmental circumstances of the 
animal’s habitat, its relationship to the sun in terms 
of feeding and other behavior, we find all sorts of 
pupil shapes appearing and the musculature ar- 
rangements of the iris developing accordingly. Least 
of all, do we find any significant retention of the 
more myoid devices simply because their function 
has been replaced by the iridic musculature. 
There has been an old unsettled controversy con- 


cerning the participation of the sympathetically in- 
nervated iris dilators and parasympathetically in- 
nervated iris constrictors in the pupillary responses 
to near and far vision and to light. Currerit opinion 
indicates that jinhibition of parasympathetic pupillo- 
constriction i$ the basic mechanism in pupillary 
dilatation in the human. In lower species, the opin- 
ion is less certain. Thus it has -been shown that the 
pupillary refiexes persist in the absence of sym- 
pathetic innervation in the rabbit whereas it is 
claimed that sympathetically innervated pupillodila- 
tation plays an important role in accommodation in 


the monkey and cat. This question may be better 


resolved by examining the irides of various: species 
following the procedures Dr. Apter has described. 

Dr. Burian (lowA City, Iowa): 

I rise to congratulate Dr. Apter on the fascinat- 
ing piece of work which she has so ably presented 
to us. 

It is of interest to note the history of the ques- 


tion of the existence or nonexistence of a dilator © 
muscle in the iris. For many years the histologists | 


have denied the existence of such a muscle but the 
physiologists continued to clamor that such a muscle 


: Should exist. The histologists finally have agreed to 
its existence and now the tables have been turned - 


and the physiologists deny its existence. The experi- 
mental evidence presented to us today would ap- 
pear to be rather strong, although the argument 
against a “muscular” nature of the iris muscles, 


because of their epithelial origin, is not valid. There | 


are other contractile cells in the body—f r example, 
the m. erectores are al epithe- 
lial origin. 


I should like to ask Dr. Apter just one question. — 


Have you formed any hypothesis regarding the dif- 
ference in the effect of adrenalin on the pupillary 
and ciliary part of the iris? 
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STIMULATION OF DYE-TEST ANTIBODIES IN HUMAN VOLUNTEERS 
USING HEAT-KILLED TOXOPLASMA* 


Joun R. Farr, M.D. 
Augusta, Georgia 


Immunity patterns following vaccination 
with killed Toxoplasma have been studied 
in the guinea pig by Cutchins and Warren.’ 
' Using an antigen prepared from formalde- 
hyde treated or sonic vibrated Toxoplasma to 
which a Freund-type adjuvant had been 
added, these authors were able to protect 
guinea pigs against challenge inoculation 
except by the intracerebral route. Both dye 
test and complement fixing antibodies ap- 
peared in the serum of the vaccinated ani- 
mals. 

Similar studies in man are suggested by 
the ever increasing interest in human toxo- 


plasmosis. It is the purpose of this paper to. 


report the appearance of dye test antibodies 
in humans following the injection of heat- 
killed whole Toxoplasma. 


Proc EDURE AND RESULTS 


In an early experiment, skin test antigen 
prepared after the method of Frenkel? was 
used in a series of 11 volunteers in an 
attempt to stimulate dye test antibody forma- 
tion. This preparation is very dilute and, as 
might be expected, produced little or no 
response. After skin and dye tests were 
performed, each of the 11 subjects was given 
0.5 cc. of the skin test material by sub- 
cutaneous injection at weekly intervals for 
three doses—a total of 1.5 cc. Two weeks 
after the last injection, blood was collected 
for the dye test. Figure 1 indicates the re- 


sults. No measurable response was elicited. 


in those individuals who gave negative skin 
and dye tests prior to vaccination. A slight 
rise in titer suggesting the recall phenomenon 


by Prom the Ophthailmology Division, Department 
of Surgery, Medical College of Georgia. This study 
was supported by grants from the Knights Templar 
Eye Foundation, the United Cerebral Palsy Re- 
search and Educational Foundation and the United 
States Public Health Service. 


occurred in the case of previously infected 
subjects—those with positive skin and dye 


- tests at the beginning of the experiment. In 


this and the succeeding studies, “béfore”’ 
and “‘after’’ serum specimens were tested in 
parallel fashion to avoid day to day technical 
differences in the dye test. z 

In a second phase of the experiment, an- 
other 11 volunteers were injected with an 
antigen consisting of heat-killed whole Toxo- 
plasma in mouse peritoneal exudate diluted 
four times. This material was untreated ex- 
cept for exposure to a temperature of 56°C: 
for one hour on each of two successive days 
and the four fold dilution with physiologic 
saline. After proper precautions as to steril- 
ity of the vaccine were observed, each of the 
11 subjects was given 0.5 cc. of the material 
by subcutaneous injection at weekly inter- 
vals for three doses. Two weeks after the 
last injection, blood was again collected for 
the dye test. Figure 2 indicates the results. 
Considerable variation will be noted. In one 


AFTER 
NUMBER BEFORE ANTIGEN ANTIGEN 
skin test! dyetest dye test 
- - 
2 om: ~ 
3 ~ 
4 
5 am — 
6 + - - 
7 + +1564 | +1128. 
8 + | +1364 | +1512 
9 + + 1.128.) +1:512 
10 + 1:256 | + 15256 
+ +1512 | +1:1024 


Fig. 1 ( Fair). Results of an attempt to stimulate 
dye-test antibody formation in human volunteers by 
injection of a dilute refined antigen (skin test prep- 
aration prepared according to the method of 
Frenkel). 
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subject no response was elicited (Case 1, 
fig. 2). In one previously infected individual, 
the serum dye test titer remained unchanged 
at 1:1024. In the nine rempining subjects 
dye test antibodies appeared or, as in Cases 
9 and 10, increased from previous levels by 
several tubes in the test line. | 


Because of the natural objections to a_ 


“raw” antigen such as that described in the 
previous experiment, a refined but concen- 
trated preparation was obtained* for use in 
a third group of volunteers. This material 
was made according to Frenkel’s description 


of the preparation of skin test antigen but | 
was diluted only 50 times rather: than the 


usual 1,000 times, being, then, 20 times more 
concentrated than the skin test antigen used 
as a vaccine in the initial phase of the study. 
Three 0.5 cc. doses of this material given at 
weekly intervals stimulated no dye test anti- 
body formation except in one previously 
infected subject, as can be seen in Figure 3. 
Again, blood for follow-up dye test was 
drawn two weeks after the third dose of vac- 
cine. Because their methods of preparation 
differed widely and were carried out in dif- 
ferent laboratories, this last antigen and the 
mouse peritoneal exudate diluted four times 


used in the previous experiment cannot be - 


AFTER 
NUMBER | BEFORE ANTIGEN | 
skintest| dye test dye test 
| - - 
- + 1.2048 
3 + 116,384 
4 + 1:32 
= - + 1:512 
7 + 1:1024 
9 + 1:4 +1128 
fe) + +1128 | 
+ | +1:1024) +1024 


Fig. 2 (Fair). Stimulation of dye-test antibody 
formation in human volunteers by injection of heat- 
killed Toxoplasma in mouse peritoneal exudate di- 
luted four times. 
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DYE TEST 
CASE NO. |. BEFORE ‘AFTER 
VACCINATION | VACCINATION 

Neg. Neg 
2 Neg Neg. 
3 Neg. Neg 
4 Neg Neg 
5 Neg Neg 
6 Neg. Neg 
? Neg. Neg 
8 Neg. Neg. 
9 Neg. Neg 
10 + 1:2048 


Fig. 3 (Fair). Results of an attempt to stimulate 
dye-test antibody formation in human volunteers, 
using a concentrated refined antigen. 


compared on the basis of number of organ- 


isms represented per unit of volume. No 
parasite counts were made on exudate ex- 


cept that only material containing a rich yield 


of organisms was used. 


DISCUSSION 


The immunology of toxoplasmosis is con-_ 


nected directly with the prevention and treat- 
ment of chorioretinitis. Clinical evidence 
linking toxoplasmosis and chorioretinitis con- 
tinues to accumulate. The etiologi¢ relation- 
ship between ‘the congenital form of cho- 
rioretinitis and toxoplasmosis is particularly 
clear. Figure 4 illustrates the results of a 
serologic. investigation of 71 cases of con- 
genital chorioretinitis in which the mothers 
were available for study. Dye tests were 
positive in both patient and mother in 80% 
of the 71 cases. Because of the prevalence 
of past or persistent infection in the gen- 


eral population, a combination of positive 


tests in mother and offspring has much 
greater diagnostic significance than a positive 
test in patient alone. 


*Both dilute and concentrated antigen of the 
refined variety were obtained from the Eli Lilly 
Co., Indianapolis, Indtana. 
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"DYE TEST 
TOTAL |PATIENT POS. | PATIENT NEG. | PATIENT POS. | PATIENT NEG. 
_| MOTHER POS. MOTHER NEG. MOTHER NEG. MOTHER POS. 
(sO%) (11%) (8 %) 


Fig. 4 (Fair). Results of dye test for toxoplasmosis in patients and mothers 
in 71 cases of congenital chorioretinitis. 


Chorioretinitis is the most constant find- 
ing in congenital toxoplasmosis. Further, in 
the majority of cases of congenital chorio- 
retinitis due to toxoplasmosis, the eye inflam- 
mation is unaccompanied by other signs of 
the primary disease. That is, it seems likely 
that the commonest form of congenital toxo- 
plasmosis is that in which only the eyes are 
seriously involved. If this is true, then con- 
genital toxoplasmosis is much more common 
than previously thought and many cases of 
bilateral or recurrent chorioretinitis in older 
children and adults may.be only the ocular 
manifestations of congenital infection.** 
The prevalence of congenital toxoplasmosis 
in which chorioretinitis is the only clinical 
manifestation helps to explain the discrep- 
ency between the observed and estimated 
frequencies of the congenital disease. 

The obvious treatment of congenital toxo- 
plasmosis is its prevention. Until we learn 
the method of transmission of the acquired 
infection, we are left with the possibility 
of immunizing previously uninfected (non- 
immune) pregnant women. Congenital toxo- 
plasmosis due to chronic or latent infection 
in mothers apparently is not a problem in 


humans. What is required is the production 


of an active immunity which will prevent 
acquisition of the infection during preg- 
nancy. | 
Admittedly, there may be no connection 
between immunity and either dye test or 
complement fixing antibodies. The laboratory 
mouse develops dye test antibodies following 
vaccination with whole killed Toxoplasma 
but succumbs to challenge just as readily as 


do unvaccinated controls. In the study by 


Cutchins and Warren mentioned previously, 
guinea pigs developed dye test antibodies 
but no immunity when vaccinated with whole 
or fragmented parasites alone. Both com- 
plement fixing and “protective” antibodies 
(if these are different) appeared when ad- 
juvant was combined with the vaccine. A 
disturbing fact was the dissemination and 


persistence of viable parasites in the various 
tissues of the host in the presences of high 


levels of complement fixing antibodies in 
both vaccinated and convalescent animals. 

Studies in humans should be extended 
to include measurement of complement fixing 
antibodies following vaccination since these 
seem to appear simultaneously with immu- 
nity in guinea pigs. Other topics for study 
which immediately suggest themselves are: 

1. The use of larger doses of vaccine with 
measurements of both dye test and com- 
plement fixing antibody response. 

2. Trial of vaccine-adjuvant combinations 
if larger doses of vaccine alone do not re- 
sult in higher antibody levels. , 

3. Accurate comparison of the antigenic 
strength of vaccines made of whole and frag- 
mented organisms based upon parasite counts 


on pooled exudate. 


4. The use of more natural routes of in- 
fection after vaccination of the laboratory 
mouse. 

5. Prevention of congenital toxoplasmosis 
in laboratory animals by vaccination. 

As the frequency of congenital toxoplas- 
mosis is better appreciated, the importance 
of its prevention will become apparent. The 
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possibility of immunizing previously unin- 
fected pregnant women seems to be a nat- 

ural approach to the problem. In this matter, 
the ophthalmologist should lead the way. — 


SUMMARY 


1. Vaccination of human daleninie with 
whole heat-killed Toxoplasma resulted in 


the production of significant levels of dye 
test antibodies. The possibility of prevent- 
ing congenital toxoplasmosis by immunizing 
previously uninfected (nonimmune) preg- 
nant women is discussed. Related subjects 
for future study are listed. 


Medical College of Georgia. 
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OBSERVATIONS ON THE ETIOLOGY OF TRACHOMA* 


J. C. Snyper, M.D., R. C. Pace, M:D., E. S. Murray, M.D., R. H. Dacey, Px.D., 
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A; T. M.D., anv D. McComs. B.A. 


Boston, M assachusetts 


INTRODUCTION 
The Aramco Trachoma Research Pro- 
gram was initiated in October, 1954, and has 
- been reported upon very briefly at previous 
meetings.’~* The program is concerned with 
trachoma and certain other diseases of the 
eye and its principal objectives are the devel- 
opment of more accurate diagnostic meth- 
ods, the clarification of etiology, and the at- 
tempt to establish means for prevention. The 
program has two laboratories in operation, 
one in Dhahran, Saudi Arabia; and the other 
in Boston. 

Several thousand specimens for micro- 
scopic examination have been taken from the 


*From the Department of Microbiology at the 
Harvard School of Public Health and the Aramco 
Trachoma Research unit of the Medical Depart- 
ment, the Arabian American Oil Company. 


~ conjunctivas of patients in Saudi Arabia and 


several other countries, particularly Yugo- 
slavia and Portugal. In addition to the mor- 


phologic studies approximately 2,000 speci- . 


mens have been obtained and preserved at 


— 60°C. Thus far, 948 conjunctival scrap-_ 


ings have been tested by. inoculation of cul- 
ture media for isolation of bacteria, and by 
inoculation of human epithelial cells for iso- 
lation of viruses. The remainder are being 
screened as rapidly as laboratory facilities 
permit. In a few instances, serum specimens 
have been obtained but this procedure is dif- 
ficult in Saudi Arabia except on hospitalized 
patients. Studies have concentrated on the 
natural history of diseases of the eye, in the 
absence of specific therapy. 

From the conjunctival scrapings of Saudi 
Arab patients having clinical findings con- 


I 
we 
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sistent with trachoma, the staff members of 
the program have isolated various agents, in- 
cluding 65 strains of adenoviruses, numer- 
ous strains of bacteria belonging to four 
main species, and 14 strains of elementary 
bodies. The’ relationship of the various 
agents thus shown to be present in diseased 
eyes in Saudi Arabia to the actual pathologic 
processes requires further clarification. 

It is the purpose of this paper to review 
the general findings in the program and to 
note some of the properties of the agents 
which have been obtained in this investiga- 
tion of trachoma and related diseases of the 
eye. 

BACTERIA 


Conjunctivitides are almost ubiquitous in - 


Saudi Arabia. It is uncommon to find a 
sterile bacterial culture of the conjunctival 
surfaces taken from infants older than two 
weeks, or from older children and adults. 
Four species of bacteria have been cultured:. 
One species, a gram-negative diplococcus, 
produces a clinically distinct syndrome” 
which occurs sporadically in sharp outbreaks 
(this clinical syndrome may be closely re- 
lated to a conjunctivitis occurring seasonally 
in Egypt and reported to be caused by the 
gonococcus ). The other three common spe- 
cies of bacteria are found in normal eyes as 
well as trachomatous eyes in Saudi Arabia. 
One of these three species is a diphtheroid, 
Corynebacterium xerosis. Another is an 
atypical streptococcus. The third micro-or- 
ganism belongs in the hemophilus group and 
is related to H. influenzae and H. aegyptius 
(Koch-Weeks). These organisms may in- 
duce acute conjunctivitis, but may also be 
present in eyes which appear normal macro- 
scopically. It remains to be determined what 
role they play in the scarring and deformi- 
ties consequent to severe trachoma in Saudi 
Arabia. 
ADENOVIRUSES 


Since the inception of the program in 
1954, eye scrapings from 948 Saudi Arab 


patients diagnosed as having clinical tra- _ 
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choma have been tested in tissue culture. 


From these isolation attempts, 67 strains of 
viruses were isolated ; two proved to be Cox- 
sackie strains Bl and B2 while all the re- 
mainder fell in to the- group known as adeno- 
viruses. 
Methods used to obtain specimens, types 
of preserving fluids, interval and manner of © 
storage, and technique of tissue culture iso- 
lation are reported elsewhere.*:> The identi- 
fication of adenovirus types was made pri- 
marily by neutralization tests with specific 
rabbit antisera® and in many instances also 
by the use of a recently reported hemag- 
glutination and hemagglutination-inhibition 


test.’ All 65 virus isolates fixed complement 


in the presence of known positive adeno- 
virus antiserum. 


- The frequency of isolation of adenovi- 


ruses in Saudi Arabia is closely related to 
the age of the patient and the season in 
which the isolation attempt is made. During 
the summer months of April through Sep- 
tember, 60 of the 65, or 92 percent, of the 
viral strains were isolated. These 60 isola- 


tions were made from a total of 451 isolation 


attempts or a rate of 13.3 percent. In con- 
trast, during the winter months of October 
through Mafch, 495 isolation attempts were 
made with only five successful viral isola- 
tions or a rate of one percent. 

Of the 62 isolations where the age was 
known, 81 percerit were from children under 
the age of two years ; 90 percent were under 
the age of three years. Only six isolations of 


virus were made from children three years 


of age or over; these six isolations resulted 
from a total of 467 isolation attempts giving 
an isolation rate of 1.3 percent for children 
three years of age and older. In contrast, 
from 448 isolation attempts made from chil- 
dren who were less than three years of age, 
56 successful isolations resulted or an iso- - 
lation rate of 12.5 percent. It is of interest 
that four of the six isolations in children 
three years of age or over were of type 3. In 
fact, type 3 is the only adenovirus recovered 
from children over the age of three years in — 


‘ 
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- our tests, with the single exception of one 
type 15. Most Saudi Arab children obviously 
are exposed to séveral adenoviruses before 
the age of three years. 

Fourteen different types were obtained 


(including one untyped). Standard types 3, 


8, 15, 17 and new type Bar-2? preponderate. 
It is of interest that only two strains of type 
7 and three strains of type 4 were obtained. 
From eight patients scrapings were made of 
each eye and treated as separate entities. In 
all eight cases, the same virus was obtained 
from each pair of eyes. Types 1, 2, 5, 10-14 
and 18 were not encountered. 

Experiments in Hongkong® that 
- two of the Saudi Arab adenovirus strains 
were able to produce follicular conjunctivitis 
in man, and that the ensuing syndrome was 
not distinguishable on clinical grounds from 
naturally occurring early trachoma in the 
same community. 

Further studies are needed to clarify the 
role of the different adenevirus types in the 
symptom complex of trachoma in Saudi 


Arabia. 


ELEMENTARY BODIES 


In May, 1958, a paper by Tang, et al,° 
in English became available which reported 
the isolation of strains of elementary bodies 
by the inoculation of chick embryos, using 
a modification of the technic of Cox’ and 
Macchiavello.’® A British scientist visiting 
the communist Chinese research laboratories 
in 1957 obtained the Peiping virus and 
brought it to Dr. Collier of the Lister Insti- 
tutes, London, late in 1957. Dr. Collier soon 
confirmed the Chinese isolations.'*** In the 
Béston laboratory, Tang’s modification of 
the egg technique has been applied to eye 
scrapings from Saudi Arab patients ; 14 dif- 
ferent strains of elementary bodies have 
been isolated. The scrapings had been stored 
at —60°C. for periods up to 20 months. 

The technique of isolating strains consists 
of the injection of the yolk sac of the embry- 
onated hen’s egg with material obtained 
from the conjunctival sac of the eyes of tra- 


s 


choma patients. Thus far material has been 
selected for trial which has shown the pres- 
ence of numerous inclusions in the conjunc- 


tival cells. The material is suspended in a 


solution of streptomycin and held for at 


least one hour at 4°C. before injection into_— 
the yolk sac of six- or seven-day-old chick . 


embryos. (The use of approximately 1,000 p 
of streptomycin per egg is the modification 
introduced by the Chinese workers.) _ 
When there are large numbers of elemen- 
tary bodies in the material obtained from 
the conjunctival scrapings, it is‘ possible that 
the chick embryos inoculated therewith may 
die on the eighth to ninth day after inocula- 
tion, and that elementary bodies may then be 
abundant in the yolk sac membranes. If the 
material from the patient’s eye contains rel- 
atively small quantities of elementary bodies, 


it may require up to four or five blind pas- 


sages in eggs before elementary bodies can 
be observed in the microscopic preparations. 

Up to the present time five of the 14 
strains of elementary bodies have been car- 
ried through at least five passages in chick 
embryos and one strain has gone 19 serial 
passages; no significant difference in char- 
acter or profuseness of growth has been 
noted between the strains. The data from 
the first strain to be isolated are given in 
detail below. 

Characterization of the Saudi Arab Strain 
1. In July, 1957, in the village of Al Omran, 
in the Hofuf oasis, an 18-month-old girl was 
examined and found to have a clinical diag- 


nosis of trachoma II, A scraping of her con-— 


junctiva was taken and part was used for 
microscopic examination ; 
stained smear showed numerots inclusions 
in the conjunctiva cells. The remainder of 


the scraping was transferred to a_ small 


screw cap vial, frozen at — 60°C. in an elec- 
tric cabinet for the ensuing 10 months. In 
May, 1958, the vial was thawed and the ma- 
terial processed as already described. By the 


third passage in eggs, the chick embryos died - 


on the fifth or sixth postinoculation day. 
Large numbers of elementary bodies were 


the Giemsa- 


: 
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visible in yolk sac smears. This strain was 
designated as SA-1, the Hofuf strain. The 
viral particles of SA-1 stain red with Mac- 
chiavello’s stain and pinkish violet with 
Giemsa. Their appearance under the micro- 
scope is similar to the appearance of the 
viral particles of psittacosis and other mem- 
bers of the psittacosis-ornithosis group. 

Cultures of SA-1 suspensions for bacteria 
and pleuropneumonia-like organisms showed 
no microorganisms. 

Test of SA-I1 in a Chimpanzee. A concen- 
trated suspension of SA-1 was inoculated 
into the conjunctival sac of a chimpanzee in 
June 1958. Forty-eight hours later, acute 
inflammation of the conjunctivae was ap- 
parent. Approximately 72 hours postinocu- 
lation, microscopic examinations of the con- 
junctival cells in the scrapings revealed the 
inclusions which are considered diagnostic 
of the form of trachoma which is induced 
by elementary bodies. The chimpanzee re- 
covered spontaneously and her eye was 
grossly normal in appearance at the end of 
a week. 

Preliminary Serologic Tests with SA-1. 
An antigen was prepared from SA-1 yolk 
sac material by purifying and concentrating 
the viral particles. This antigen showed high 
complement fixing titers with known posi- 
tive antipsittacosis serum as well as with 


several sera from patients who had been di- . 


agnosed both clinically and microscopically as 
having classical trachoma. This observation 
is adequate to make a preliminary classifica- 
tion of the SA-1 Hofuf strain as a virus of 
the psittacosis-ornithosis group. It is of 
great importance that the strain is not con- 


taminated with pleuropneumonia-like organ- 


isms which had interrupted our egg experi- 
ments three years previously. 

Success in propagating elementary. bodies 
in chick embryos represents a great step 
forward in trachoma research, but it is not 
possible to immunize chick embryos nor to 
use them for assaying different preparations 
which are being considered as vaccines. Con- 


sequently, an intensive search was begun to | 
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find a small laboratory animal which could 
be used as a tool to study the problems as- 
sociated with immunizing against the elc- 


4mentary body virus. Three species of rodent, 


the white mouse, the Mongolian gerbille, and 
the Egyptian spiny mouse were found to 
succumb within one to 24 hours following 
intravenous inoculations of concentrated 
suspensions of elementary bodies of the 
Hofuf or SA-1 strain.* This rapid lethal 
effect in the mouse is attributed to a toxin 
associated with the elementary bodies. It is 
eliminated by heating the virus at 56°C. for 
30 minutes and is similar in many respects 
te the toxic properties of certain other intra- 
cellular parasites such as typhus rickettsiae 
and members of the psittacosis-lymphogran- 
uloma-ornithosis group of viruses. 

The role of elementary bodies and inclu- 
sions in trachoma has been much debated. 
There are wide differences in the occurrence 
of inclusions in conjunctival scrapings of 
clinically identical disease states between dif- 
ferent geographical areas, or indeed, between 
two villages only a kilometer apart. It is 
hoped that some light on this question may 
be shed by using the toxic phenomenon for 
comparing the immunologic characteristics of 
elementary bodies obtained from different 
geographical areas. It is essential to establish 
whether there is one single variety, or many 
different types of elementary bodies, before 
it is possible to select strains for vaccines or 
to evaluate the role of a vaccine in preven- 
tion of trachoma in man. : 


SUMMARY 


In 1954, the Medical Department of the 
Arabian American Oil Company and _ the 
Department of Microbiology of the Harvard 
School of Public Health began a co-opera- 
tive study on trachoma and certain other dis- 
eases of the eye in Saudi Arabia. The prin- 
cipal objectives of the program have been — 
the development of more accurate diagnosti¢ 


-methods, the clarification of etiology and the 


attempts to find means for prevention. The 
program has two laboratories in operation, 


4 
: 


one at the Aramco Health Center in Dha- 
hran, Saudi Arabia, and the other at the 
Harvard School of Public Health, Boston, 
Massachusetts. 

Several thousand specimens for micro- 
scopic examination have been taken from 
the conjunctivas of patients in Saudi Arabia 
and several other countries, particularly Yu- 
goslavia and Portugal. Thus far 948 con- 
junctival scrapings have been tested by bac- 
terial cultures, by inoculation of human epi- 
thelial cells for isolation of viruses, or by 
the inoculation of chick embryos for the de- 
tection of elementary bodies. 


The results of the program during the 


first four years of its operation are pre- 


sented, including a summary of the various 
strains of adenoviruses, bacteria and elemen- 


‘tary bodies which have been isolated from 


conjunctival scrapings of Saudi Arab pa- 
tients having clinical findings consistent with 
trachoma. The paper emphasizes the neéd 
for further studies to determine the actual 
role of the adenoviruses, bacteria and ele- 
mentary bodies, acting alone or in concert 
one with the others, in producing the severe 


scarring disease which is typical of trachoma 


in certain geographic areas. 
Department of Microbiology, 
Harvard School of Public Health: 
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THE USE OF CORTISONE IN ESTABLISHING EXPERIMENTAL 
FUNGAL KERATITIS IN RATS* 


A PRELIMINARY REPORT 


‘CuristopHer D. Burpa, B.A., AND Eart Fisuer, Jr., Px.D. 
New Orleans, Louisiana 


INTRODUCTION 


Serious problems have arisen from the in- 
discriminate use of cortisone preparations 
in the treatment of ocular infections, as can 
be shown by the enhancement of fungal ker- 
atitis. Several reported clinical observations 
have borne this out,’* in particular the 
studies of Ley® have given experimental 
impetus to these observations. The inherent 
dangers of steroid treatment in ocular infec- 
tions have been emphasized by Allen,® Offret 
and Massin,’ and Haggerty, et al.* 

The purpose of this study, therefore, is to 
devise an adequate and consistently repro- 
ducible experimental system for the estab- 
lishment of fungal corneal ulcers whereby 
cortisone preparations serve as adjuncts or 
accessory factors if necessary. Ideally such a 
System involves the initiation of fungal kera- 
titis without the use of cortisone, however, 
at the moment this apparently is not feasible. 
Such a system might prove to be of value in 
the study of the pathology, experimental 
therapy and mechanisms by which cortisone 
potentiates fungal keratitis. 


MATERIALS AND METHODS 


The fungi serving as test agents in these 
experiments are as follows: Cephalosporium 
sp., Aspergillus fungatus, Aspergillus flavus, 
Aspergillus cereus and two Fusarium §spe- 
cies. Cephalosporium was isolated from a 
clinical case of keratitis® while the remaining 
fungi were obtained eae the fungal collec- 
tion of Dr. L. Friedman. Cephalosporium 
was the agent of choice, in the majority of 


*From the of Ophthalmology, Tu- 
lane University School of Medicine. This investi- 
gation was supported in part by research grant 
E-2286 from the National Institutes of Health, 
Public Health Service. 


the experiments. This fungus was grown on 
casamino yeast or Saboraud’s medium for 


or seven days at room temperature. Sev-_ 


eral plates or slant cultures of the fungus 
were gently washed with 3.0 to 5.0 ml. ali- 
quotes of sterile saline, and pooled in a 
sterile screw cap bottle and refrigerated. 
This preparation contained a moderately 
heavy spore suspension with relatively few © 
mycelial filaments. In early experiments, the 
spore suspensions were standardized by a 
dilution-plating method to contain 40,000 to 
85,000 viable particles. per ml. In later ex- 
periments the spore suspensions were stand- 
ardized by visual turbidimetric procedures. 
The suspensions were periodically checked 
for contamination. Mycelial inocula were 
prepared by vigorously shaking a small por- 
tion of the young cottony aerial growth with 
glass beads. | 
Prednisolone Sodium Hemisuccinate 
(Meticortelone®, Schering) and 1.5 percent 
ophthalmic suspension of hydrocortisone 
acetate (Cortef acetate®, Upjohn) were the 


steroid preparations employed in this study. 


In the group A experiments, mature rab- 
bits, average weight, 3.5 kg. were used while 
mature rats, average weight, 300 gm. served 
as the experimental animals in group B. 

The animals in the group A experiments 
were anesthetized with 0.5 to 0.8 ml. of in- 
travenously administered nembutal while the 
rats in the group B experiments were placed 
under ether anesthesia. The inoculum con- 
sisted of 0.05 to 0.1 ml. of the saline spore 
suspension which was injected intracorne- 
ally employing a tuberculin syringe equipped 
with a 25- or 30-gauge needle. 

The cortisone preparations were given in- 
travenously, subcutaneously, or applied-topi- 
cally. The routes of administration of the 
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compounds and the duration of cortisone could be detected in either the control or the 


treatment are listed below in the results of 
the respective experiments. The Gomori and 
Gram stains were made on preparations for 
histological examination. Scrapings from ul- 


cers were cultured on appropriate media for 


fungal and bacterial controls. 


RESULTS 
Group A. 
I. One mature rabbit was pretreated with 
intravenous prednisolone |for 10 days with a 


dosage schedule of 2.5 mg. for the first five 


days. The dosage was doubled for the re- 
maining five days culminating in a 25 mg. 
aliquot. The 10th day bilateral intracorneal 
_ injection of the Cephalosporium spore sus- 
pension was made. Ten mg. of prednisolone 
were given at approximately weekly inter- 
vals following inoculation. 

At the end of approximately 21 days the 
right eye showed a small area of scarring 
(1.0 mm. diameter) and opacity at the site 
of inoculation while the left eye remained 
clear. Both corneas were inoculated in’ the 
control rabbit and prednisolone was not 
given; there appeared only a slight opacity 
in the right eye which cleared in a few days. 
| Histologic examination did not show evi- 
dence of fungal keratitis in the control, or 
cortisone treated animals. | 

II. The second experiment involved. bi- 
lateral intracorneal inoculation of the Ceph- 
alosporium spore suspension and the appli- 
cation of prednisolone topically five drops 
twice daily for 14 days to the right eye. The 
untreated left eye served as the control. The 
treated eye developed an ulcer which was 
shown to be bacterial in origin when cul- 
tured on blood agar medium. The control eye 
remained clear. No fungal keratitis was ini- 
tiated in this experiment. 

III. One animal was inoculated intracor- 
neally in each eye with a young mycelium 
suspension and another animal was similarly 
inoculated and treated with prednisolone 
which was applied topically twice daily for 
20 days. No evidence of corneal infection 


treated animal. 

IV. The corneas of a mature rabbit were 
abraded slightly with a 26-gauge needle and 
the spore suspension rubbed into the trau- 
matized eyes; the right eye remained un- 


treated with topical cortisone. There was no 
evidence of infection at the end of this 


period in the treated or the control eye. 
V. An animal was inoculated with spores 


bilaterally near the superior border of the 


limbus and observed for 14 days. No corti- 
sone was applied, and no infection resulted. 


In each of the above experiments no fun-. 


gal corneal ulcer could be established with 
or without the use of prednisolone. These 
preliminary studies tend to corroborate 
Ley’s® unsuccessful attempts at establishing 
Cephalosporium keratitis in mature rabbits. 
The subconjunctival injection’ of cortisone 
was not attempted in this instance. [t is in- 
teresting to note that the growth of Cephalo- 
sporium was shown to be greatly. retarded 


and scant on media supplemented with rabbit 


serum. There is possibly a humoral factor in 
the rabbit serum which inhibits growth con- 
sequently preventing infections of this spe- 
cies in rabbits. 

The unsuccessful attempts at establishing 
fungal ulcers in the rabbit necessitated the 
use of another type of experimental animal. 
Rats were chosen for group B experiments. 
The problem of inoculating stich small eyes 
was solved by means of 30 gauge needles. 


Group B 


I. Both corneas of three mature rats were 
injected with the Cephalosporium spore sus- 


pension and the inoculated eyes were ob- 


served for two weeks. At the end of this 
period there was no evidence of corneal 
opacity or ulceration. Only a slight opacity 
could be noted immediately following inocu- 
lation; this cleared within three or four. 
days. Histopathological stains of these prep- 
arations were negative. 

II. The second experiment involved inocu- 
lation of a young mycelial suspension inte 
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the right eyes of two animals while a heat- 
killed aliquot of the same preparation was 
introduced into the left eyes. Maximal opa- 
city involving nearly the entire cornea and 
ulceration of the right eye of one animal was 
observed in 48 hours. Questionable ulcera- 
tion was present in the right eye of the other 
animal. The left eyes merely showed some 
degree of corneal opacity and no ulceration 
at the end of one week. 

III. Four animals were with 
prednisolone administered subcutaneously 
(dosage schedule of 25 mg. per day for two 
consecutive days, totaling 50 mg.). The third 


day bilateral intracorneal injection of Ceph- . 


alosporium spore suspensions were made. In 
seven of the eight eyes, extensive corneal 
opacification, ulceration, exudate formation, 
perforation, lens protrusion and slight hem- 
orrhage into the anterior chamber appeared 
in 48 to 72 hours. The area of ulceration and 
perforation was 1.0 to 2.0 mm. in diameter 
while opacification covered the entire cornea. 
The pathologic process was observed within 
24 hours after inoculation. Scrapings of 
three of the infected corneas were cultured 
on casamino yeast extract, all of which were 
positive for Cephalosporium. Histologic ex- 
amination of the sections revealed mycelia 
growing into the corneal stroma. 

In this experiment the control animal was 
similarly pretreated, except a heat killed 
spore suspension served -as the inoculum. 
Only a small area of opacity appeared ini- 
tially and this cleared within three or four 
days. 


IV. An experiment was pated to de- 


termine the minimal amount of predniso- 


lone necessary to induce and maintain the 


infection. It was found that the total dosage 
of prednisolone could be reduced to 25 mg. 
(12.5 mg. per day over a two-day period) 
and the corneal lesions still be observed, 
however, these lesions were not as progres- 
sive and extensive as those observed result- 
ing from a total dose of 50 mg. Smaller drug 
dosages did not initiate or maintain the fun- 
gal infection. 


V. The effect of topically applied corti- - 
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sone was next studied. The right corneas of | 
‘two rats were injected with a viable spore 


suspension while the left corneas received a 
heat killed spore suspension. All eyes were 
treated with one or two drops of 1.5-percent 
ophthalmic suspension of hydrocortisone 
acetate twice daily. Marked ulceration and 
perforation resulted within a 24 to 48 hour 
interval as seen in Experiment B, III in the 
treated eyes while the eyes receiving the 
heat-killed spore suspension showed only 
minimal opacity and ultimate clearing. His- 
topathologic examination of sections of these 
ulcers were positive for the fungus. 

VI. Six animals were inoculated with vi- 
able Cephalosporium spores and treated as 
in group B part V. However, in order to 
obtain maximum involvement of .the eye 
within four or five days it was necessary to 
maintain the infection by early application 
of the cortisone. If the cortisone treatment 
were stopped, the area of ulceration did not 
progress and rapid organization scarring 
and vascularization ensued. The results of : 
these experiments are summarized in Table ° 
1. 

The preceding preliminary studies have 
been applied to several other fungi species, 
however, these studies as yet, are not as in- 
clusive as those concerned with the Cephalo- 
sporium sp. Several species of fungi usually 
considered nonpathogenic under natural con- 
ditions were selected for these studies. The 
fungi being investigated are Fusarium sp., 
Fusarium roseum, Aspergillus fumigatus, 
A. cereus and A. flavus. A Curvilarium sp. 
isolated from a clinical case of corneal ulcer 
recently seen in this department has also 
been included in the above list of fungal 
agents. The materials and methods for this 
group of experiments are essentially the 
same as those for group B differing only 
slightly in the preparation of the spore sus- 
pensions. When the suspensions were pre- 
pared, several glass beads were allowed to 
roll gently across the surface of the slant 
in order to obtain some degree of — 
cation of the spores. 

Two mature rats were tested with each 
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TABLE 1 
SUMMARY OF RESULTS FROM THE GROUP B EXPERIMENTS 
Histologic 
Experi-| No. | Cun R f No. Cultures Exami- | 
ment | Ani-| Eye | Inoculum ortwone one of > nation 
reparation Treatment Ulcers 
| Totall + |Total} + 
O.D. | Viable spores — 0 0 | 0 
O.S. | Viable spores | —_ — 0 0 1 0 
: O.S. | Heat-killed | 
mycelium — — 0 0 0 2 0 
O.D. | Viable spores Prednisolone Subcutaneous A ee 1 1 1 1 
“ | O.S. | Viable spores | Prednisolone Subcutaneous 4 2 2 2 2 
O.D. | Heat-killed | 7 
| spores Prednisolone Subcutaneous 0 0 0 
O.S. | Heat-killed : 
spores Prednisolone Subcutaneous 0 eo 7.2 4-6 0 
O.D. | Viable Spores | Hydrocortisone - 
‘ Acetate Topical 2 0 2 2 
O.S. | Heat-killed Hydrocortisone 
spores Acetate Topical, 0 0 0 2 0 . 
| O.D. Viable spores Hydrocortisone 
Acetate Topical 5 0 0 0 0 
Vit 
O.S. | Viable Spores Hydrocortisone | Pass 


fungus species. Intracorneal injection of vi- 
able spore suspensions were made in the 
right eyes while corneas of the left eyes 
were injected with a heat-killed spore sus- 
pension of the respective fungus species. 
One animal of each set received ophthalmic 
drops. of hydrocortisone twice daily. The 
other animal of each set remained untreated 
thus serving as the control. 

_ Within 24 to 48 hours opacification and 
extensive: ulceration developed in the right 
eyes of the treated animals which had been 
- inoculated with the three Aspergillus sp. 
_ The right eyes of the two Fusarium sp.- 
treated ‘animals developed only a slight de- 
gree of opacification and a small .ulcer both 
of which cleared in approximately seven 
days. No ulcers developed in the control 
eyes. Histopathologic examination of the 
Aspergillus fumigatus ulcer was Positive 
for fungi. 


The uniformly high incidence of ulcers in 
treated rat eyes as demonstrated in this 


group of experiments offers some support to 


the idea that it may be possible to establish 


many types of fungal ulcers in the rat. This 


animal may therefore serve as the “univer- 
sal’”” experimental host in studies concerning 
experimental fungal ulcers. It is interesting 
to note that Ley has been successful in es- 


tablishing fungal corneal ulcers in rabbits. 
with Aspergillus terreus, A. fumigatus, Al- 


lescheria boydii and Candida albicans by 
means of subconjunctival cortisone injec- 


tions. In our studies no attempt was made to — 


establish these infections in rabbits. 
Inquiry into the mechanism of the ob- 
served corneal destruction in Cephalospor- 
ium keratitis was made. Since an enzymatic 
protein has been shown to be the active fac- 
tor in corneal destruction in Pseudomonas 
ulcers,’® it was postulated that such an en- 
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zyme might be the active agent in fungal © 


ulcers. 

This problem has been approached with a 
few experiments directed towards determin- 
ing the presence or absence of an enzyme 
which will cause corneal damage resulting 
in ulcerations. The liquid medium in which 
bulk quantities of Cephalosporium were 
grown for two weeks was injected into the 
corneas of rabbits. No ulceration.or corneal 


damage was observed other than some opaci- — 
fication. The mycelial extract was prepared | 


by grinding the mycelin with powdered glass 
and extracting the material with saline. The 
crude saline mycelial extract was inoculated 
intracorneally into the eyes of rabbits. Opa- 
cification, exudative liquefaction and ulcer- 
ation were noted within four hours. Frac- 
tionation of this crude extract by precipita- 
tion with various concentrations of ammon- 
jum sulfate solution yielded a fraction which 
possessed ulcerative activity. These prelim- 
inary enzymatic studies indicate there is a 
protein factor which is responsible for the 
corneal destruction observed in Cephalo- 
sporium keratitis. Attempts are in progress 
to determine the manner by which this fac- 
tor is able to destroy normal corneal tissue. 
Preliminary experiments indicate that this 
fungal factor is not the same as the corneal 
damaging factor. of Pseudomonas. 


DISCUSSION 


Though the number of animals in each of 
the experiments admittedly was small, the 
results obtained for these experimental 
groups were consistent and therefore con- 
sidered reliable. 

The failure to establish Cephalosporium 
corneal ulcers in rabbits with or without the 
use of prednisolone applied topically or ad- 
ministered systemically over a period of two 
or three weeks, is significant in that it con- 
firms the unsuccessful attempts of such in- 
vestigators as Ley and. Bedell" in this en- 
deavor. The latter investigator did not use 
cortisone. 

As stated earlier there is the possibility 
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that a humoral agent exists in the serum of 
this animal species which contributes to the 
extreme degree of resistance to Cephalo- 
sporium infections. If such a factor is pres- 
ent it is apparently not altered by the ad- 
ministration of cortigones. On the other 
hand, the resistance may not lie in serum but 
in the corneal tissue itself. However, the 
evidence obtained from the preliminary 
fractionation studies of mycelial extracts in- 
dicates that rabbit cornea i$ capable of de- 
struction by some type of enzymatic protein 
elaborated by the fungus. The problem ap- 
parently resides in the initial spore germina- 
tion and proliferative phase and remains to 
be investigated. | 

Experiments : listed for group B where 
rats served as the experimental animal 


‘proved to be the most rewarding. 


Ulcers could not be established by intra- 
corneal spore inoculation in a total of six 
untreated eyes. This comprised the initial 
control group. However, eyes under the in- 
fluence of cortisone (animals systemically 
treated with prednisolone or hydrocortisone 
acetate applied topically) and_ inoculated 
with viable spores, showed an extremely 
high percentage of ulceration. A, total of 22 
eyes were subjected to cortisone treatment 
out of which 20 developed ulcerations giv- 
ing an approximate 9l-percent ulcer inci- 
dence. The inoculum for the control eyes in 
the cortisone treated group of animals con- 
sisted of heat-killed spores. In the total of 
four such eyes no ulcers appeared. Even 
though the control group was small, when 
one considers the total group of control eyes 
from experiments I, II] and V_ which in- 
cludes eyes untreated and inoculated with 
viable spores and those treated with corti- 
sone and inoculated with heated spores, the 
number of controls appears to be reliable. 
Thus, in a total of 10 control eyes no fungal 
ulcers developed. A summary of these re- 
sults is given in Table 2. The few scraping 
cultures which were taken were shown to be 
positive and these findings were correlated 
with the presence of fungal proliferation as 
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TABLE 2: 
ULCER INCIDENCE IN ‘THE CONTROL AND, EXPERIMENTAL EYES 
Control Experimental 
Killed Spores No. % No. 
Untreated Treated Total | Ulcers | Ulcers | Total | Ulcers | Ulcers 


demonstrated histopathologically (table 1). 
The resistance to corneal infection in the 
rat is apparently lowered by cortisone, which 
may be due ‘to a decreased inflammatory re- 
sponse resulting in germination and growth 
of the spores. : 
Solution of the problem regarding the 


mechanism of corneal damage as seen in 


Cephalosporium keratitis may be found by 


identification and isolation of the enzymatic . 


factor responsible for the tissue damage. 


SUMMARY AND CONCLUSION 


1, Cephalosporium keratitis could not be_ 


experimentally induced in untreated or cor- 
tisone treated mature rabbits by intracorneal _ 


inoculation of a saline spore suspension. 
2. Cephalosporium keratitis could be in- 


duced in mature rats treated ejther system- . 


ically or topically with cortisone prepara- 
tions after intracorneal injection of spores. 
An ulcer incidence of 91 percent was ob- 
tained in the treated eyes while no ulcer in- 
cidence was observed in the control eyes. 

_ 3. Aspergillus and Fusarium keratitis was 
established in cortisone treated rats. 

4. Preliminary fractionation studies of 
Cephalosporium mycelial extracts , suggest 
there may be an enzyme responsible for cor- 
neal destruction. 


1430 Tulane Avenue (12). 
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CHANGES IN CORNEAL ASTIGMATISM OBSERVED FOLLOWING 
SURFACE DIATHERMY TO RABBIT CORNEAS* 


C. Winter, M.D., AnD Ropert B. Boomer, M.D.’ 
| Palo Alto, California 3 


From time to time investigators have at- 
_ tempted to alter corneal astigmatism by var- 
ious operative procedures.’ This paper re- 
ports a preliminary attempt to alter the cor- 
neal curve of rabbit eyes by application of 
limbal diathermy. 


METHOD 


Rabbits, preferably not albinos, were se- 
lected and refracted by streak retinoscopy 
under atropine. After sufficient practice it 
was felt that this could be done to within 


one half of a diopter and required no anes- 


thesia or restraint placed upon the animal. 
Observations with an ophthalmometer were 
made but not used due to the irregular and 
constantly changing character of the mire. 
Cats were discarded because of technical 
difficulties. Retinoscopy was confused by the 
multiplicity of the reflexes and the animals 
would not hold still enough to permit obser- 


vation with the ophthalmometer, although a 


good mire could be observed momentarily. 
With anesthesia the eyes closed and could 
not be easily opened. 


After determining the refraction the ani- 


mal was anesthetized and diathermy applied 


either in the 90- or 180-degree meridian us-_ 


ing a ball electrode. A Walker-Rose dia- 
thermy machine was employed, being set be- 
tween 40 and 60 in each case. Ten animals 
were selected. Two died following diathermy 
and on two others pattially penetrating dia- 
thermy was tried. These are not reported 
since in each case at least one application 
perforated the cornea complicating the eye. 
Refractions were performed immediately 


after diathermy, the following day, and — 


weekly thereafter for several weeks. After 
the first few weeks this period was extended 


*From The Palo Alto Medical Research Foun- 
dation. 
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to monthly or less frequently, and at 14 
months the experiment was terminated. 

No regard was given to possible damage 
done to intraocular structures, but in some 
cases what appeared to be peripheral iris 
atrophy was noted under the diathermy 
scars. Later, representative eyes will be sec- 
tioned for study. 


RESULTS 


The results are summarized in Figure 1. 
They show that, in most cases, an increase in 
the corneal curvature in the meridian of the 


. diathermy occurred within a few days. Few, 
_ however, maintained this level. One eye con- 
tinued to show an increase of astigmatism | 
on each successive refraction, and both eyes 


on rabbit 6 developed a maximum effect op- 
posite to that expected which then rapidly 
returned to prediathermy levels. Also noted. 


‘was an immediate relative myopia presumed 


to be due to direct stimulation of the ciliary 
muscle. This effect was transient and not ob- 
served on the day following diathermy. 

On the graph, the numerator of the frac- 
tion shown below the column for each eye 
is the product of the machine setting and 
duration of the application in seconds. The 
denominator is the machine setting. On the 
extreme left the figure opposite the fraction 
shows the area of application, such as the 
12-, 6-, 3-, or 9-o’clock position. 

‘From this one can get some idea of the 
total amount of current used as well as how 
it was applied. 


CONCLUSIONS 


It is concluded that in rabbit eyes a cor-, 
neal astigmatism can be produced or modi- 
fied by limbal diathermy. In eight out of 12- 
eyes definite maximum astigmatic effect was 
noted within the first two weeks. Subse- 
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-0.500.25 


quently, six of these became significantly sentially unchanged from their maximum 
less, one returning to a level of approxi- effect. In one eye astigmatism increased con- 
_ mately one half of its maximum and four tinuously during the experiment. 


* returning to a level very near that observed Medical Plaza, Suite B-7, 


» prior to diathermy. Two eyes remained es- 1101 Welch Road. 
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